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3348 Composite Column for Chromatography 


Both curves are from displacement chromatographic separations 
of 10-mg Glucose, 10-mg Saccharose, and 30-mg Raffinose in 
water, a 0.5% Ephedrine solution being used as displacer. Equal 
amounts of adsorbent, Carboraffin Supra, were used. The only dif- 
erence between the two experiments—besides, of course, the very 
superior sharpness of the zones in the curve to the right—was the 
type of column used: in the case shown to the left, one single 


column; in the case to the right, 


a 3-component column according 


to Hagdahl. Write for bulletin SC-39C. 
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MEDICINAL CH EMISTRY, A Series of Reviews Prepared under the Auspices of the Division of 
Medicinal Chemistry of the American Chemical Society. Volume II. 


Edited by F. F. Blicke, University of Michigan; and C. 
M. Suter, Sterling-Winthrop Research Institute. This series 
summarizes the available data on the biological properties 
of organic compounds and correlates the relationship be- 
tween chemical structure and physiological activity in each 
area covered. Contents of Volume II includes: Some Chemi- 


cal Aspects of the Cardiac Glycosides; Supplement; Syn- 
thetic Estrogens; Analgesics, Arylpiperidine Derivatives; 
and £-Halo-ethylamine Adrenergic Blocking Agents: 
Chemistry and Structure-Activity Relationships. 1956. Ap- 
prox. 404 pages. Prob. $10.00. 


ESSAYS IN BIOCHEMISTRY 


Edited by Samuel Graff, Columbia University. Twenty- 
five essays written in honor of Hans Thacher Clarke, rang- 
ing from critical discussions of current problems in bio- 
chemistry to highly informed speculations on future 
research. Contributors are leaders in the field, and much of 


their material is controversial and provocative. This collec- 
tion will give new insights into the present position of the 
science and the exciting possibilities that lie ahead in bio- 
chemical research and in the general fields of biology and 
medicine. 1956. 345 pages. $6.50. 


ANDROGENS: Biochemistry, Physiology and Clinical Significance 


By Ralph I. Dorfman, Boston University, and Reginald 
A. Shipley, Western Reserve University Medical School. Of- 
fers a broad, rigorous survey of androgens and androgen 
therapy, drawing on all the information published in this 
field over the past 30 years. The book discusses both the 
theoretical and applied points of view, and it makes es- 
pecially valuable contributions regarding the clinical aspects 


of the subject. A summary of the role of androgens in the 
growth of the entire organism is presented. Also included is 
a unique compendium of data on 17-ketosteroids in health 
and disease. The authors also discuss the influence of andro- 
gens and estrogens in the sexual development of the embryo. 
1956. 590 pages. $13 59. 


LANGUAGE, THOUGHT, and REALITY: Selected Writings of Benjamin Lee Whorf 


Edited and with an Introduction by John B. Carroll, 
Harvard University. Widely scattered in a variety of jour- 
nals over a period of years, the writings of Benjamin Lee 
Whorf have exerted a growing influence on research in 
linguistics, psychology, and anthropology. This single vol- 
ume now includes nearly all of Whorf’s major papers relat- 


ing to the so-called ““Whorfian” hypothesis—that the struc- 
ture of language influences thought processes and our per- 
ception of the external world. The book also offers a number 
of important papers on his work in general linguistics, and 
on the languages of Aztecs and Mayas of Mexico and the 
Indians of the Southwest. 1956. 278 pages. $7.00. 


ATLAS OF PALEOGEOGRAPHIC MAPS OF NORTH AMERICA 


By the late Charles Schuchert, formerly of Yale Univer- 
sity; with an Introduction by Carl O. Dunbar, Yale Univer- 
sity. Covering the entire range of geologic time, this unique 
compilation is the only comprehensive treatise on the 
paleogeographic history of the North American Continent. 


The work contains 84 maps which range through geologic 
time from the lower Cambrian period to the Pleistocene, 
showing the distribution of lands and seas and sedimentary 
deposition at every major stage of geologic history. 1955. 
177 pages. $4.75. 


Send for examination copies. 
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New Directions in Research Support 


The board of directors of the American Cancer Society has recently ap- 
proved a bold approach to the problem of support of research and investi- 
gators in cancer research. Although the usual project and contract modes of 
support will be continued, the society has added “program grants” that will 
permit “freely roaming inquiries into specific areas that have been judged 
to be of significance to the cancer problem.” This approach will permit con- 
tinuity of support to exploratory work in research and will free the investi- 
gator from the all-too-familiar pressure of looking for problems that will 
yield quick results in order to justify renewal of an annual grant, The pro- 
gram does much of what W. M. Stanley called for in a recent editorial 
[Science 123, 353 (2 Mar. 1956)]. 

The society has taken a refreshingly realistic look at the requirements for 
successful scientific exploration and recommends that “the investigator must 
have freedom to change the direction and emphasis of his investigation . . .” 
and that he “. . . must be allowed considerable latitude in expending funds.” 
This seems to us to be an enlightened policy that may well stimulate other 
fund-granting institutions to liberalize the conditions of their grants. 

The society departs even further from traditional practice in its proposal 
to make grants to institutions that will permit them to create additional per- 
manent faculty-level positions. Each grant will provide a capital fund of 
about $200,000. This will make possible the creation of one additional suit- 
able position for one investigator with salary from the age of 31 through 65, 
at the rate of $6000 for each of the first 3 years with a gradual rise to $15,- 
000 for the last 17 years. 

Both of these steps—the support of a flexible program over a long term 
and the allocation of funds to create a suitable permanent position for an 
investigator through the major part of his productive career are eminently 
practicable departures from current practice. Inasmuch as several new per- 
manent posts will be created every year over a period of years, the ultimate 
effect will be large. 

An additional forward-looking step of considerable significance is the 
society’s decision to make grants of fluid funds—“institutional research 
grants”—to institutions to provide “grub-stakes” to support the preliminary 
testing of new and venturesome ideas for research on cancer. It is proposed 
that such funds be expended with the advice of a committee of scientists 
within the grantee institution. The continuation of such grants will be de- 
pendent on how well the previous grant was expended rather than on pro- 
posals for future research that may or may not be pursued. This innovation 
will constitute a considerable challenge to the local scientific advisory 
committee that must function with integrity, alacrity, and imagination. 

If the program in support of research were narrowly conceived, we would 
have some reservation about its wisdom. Fortunately, however, cancer re- 
search is broadly defined to include fundamental research in the physical 
and biological sciences. 

This new approach to the support of research by the American Cancer 
Society is no less important than similar steps taken by the Commonwealth 
Fund and the Ford Foundation in the closing months of 1955. Could it be 
that we are witnessing the dawn of a new era when granting agencies are 
accepting more of their ultimate responsibilities? If so, scientists should be 
aware that if they accept these broadened opportunities they also accept 
commensurate responsibilities for accelerated scientific progress.—G. DvS. 
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Biology of Inflammation 


Chemical Mediators and Cellular Injury 


Inflammation is a manifestation in 
vertebrates of severe cellular injury, and 
as such it represents the basis of all in- 
fectious processes. It can readily be de- 
fined as the complex vascular, lym- 
phatic, and tissue response on the part 
of vertebrate tissue to the presence of an 
irritant. An irritant. may be considered 
to be any agent that interrupts normal 
cellular metabolism. It may be physical 
in nature, or chemical, or viable, as in 
the case of microorganisms. 

Inflammation consists of a number of 
interdependent sequences that lead to 
the localization and ultimate disposal of 
the irritant. These phases are often 
grouped under the somewhat loose term 
inflammatory reaction. Initially, there 
is a disturbance in fluid exchange, which 
is manifested by an alteration in the nor- 
mal equilibrium of capillary filtration. 
There is at first, as shown by Landis, a 
transitory increase in capillary pressure 
(1), and this is followed by more per- 
manent changes in the structure of the 
endothelial wall structure—namely, aug- 
mentation in. its permeability (2). For 
instance, the enhancement in permea- 
bility can be readily demonstrated by 
introducing trypan blue into the circu- 
lating blood of a rabbit. The area of in- 
jury is rapidly stained, owing to the out- 
ward passage of the dye (3). The mag- 
nitude of increase in permeability is such 
as to allow particulate material to pass 
into the extracapillary spaces (4). The 
extent of increased capillary permea- 
bility is subject to measurement. In 1930 
it was shown that, when a dye is intro- 
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duced into the ventricle of a pithed frog 
with its mesenteric capillaries exposed 
on the stage of a microscope, one can 
evaluate with an appropriate scale the 
rate of change of concentration of the 
dye as it passes out into the extracapil- 
lary spaces. It was then found that with 
inflammation caused by certain irritants, 
the permeability of capillaries is en- 
hanced about twofold (3). 


Leukotaxine and the Mechanism of 
Increased Capillary Permeability 


The mechanism of increased capillary 
permeability in inflammation is an im- 
portant factor, for it is the pivotal re- 
action on which all subsequent sequences 
depend. In 1924, Lewis, stimulated by 
the work of Ebbecke, postulated that the 
phenomenon is referable to the libera- 
tion of histamine or at least to a sub- 
stance so closely allied to it that he 
termed it the “H-substance” (5). The 
argument utilized by Lewis is fraught 
with difficulty, for it is largely one of 
analogy. For this reason, I reinvestigated 
the whole problem in 1936 (6). It was 
readily shown that the exudative fluid 
recovered from the site of inflammation 
contains a factor that is capable of elic- 
iting an increase in capillary permea- 
bility. Subsequently, chemical extraction 
was undertaken and a crystallinelike ma- 
terial was isolated. This substance is 
capable of increasing the permeability 
of capillaries with inflammation. It has 
been called leukotaxine (7). 

Cullumbine and Rydon, Pasquali, and 
Morimoto have confirmed the isolation 
of this chemical substance (8-10). It is 
evidently not a protein. It has an 
a@-amino group and an indole nucleus. 


SCIENCE 


There is evidence that it is a polypeptide 
to which some as yet unknown prosthetic 
group may be attached. The substance 
today, even though it is not chemically 
pure, appears definitely to be a chemical 
entity (J/). It has marked biological 
specificity (11). Chromatographic stud- 
ies, undertaken by my associate W. Kaln- 
ins, indicate the presence of at least five 
distinct amino acids (leucine, valine, 
a-alanine, glycine, and glutathione). As- 
partic acid and glutamic acid appear as 
a fused unit in the chromatogram (//). 

It has none of the properties of his- 
tamine, thereby throwing considerable 
doubt on the view of Lewis that the 
H-substance is primarily concerned in 
the mechanism of increased capillary 
permeability in inflammation (5). 

The increase in capillary permeability 
induced by leukotaxine has been found 
to be counteracted by only one sub- 
stance—namely, the extract of the ad- 
renal cortex—and to be counteracted to 
a certain extent by some of the com- 
pounds derived from the adrenal cortex 

namely, cortisone and hydrocortisone. 
This phase will be discussed 
quently. 

Leukotaxine 


subse- 


is concerned with an- 
other fundamental manifestation in in- 
flammation—namely, the migration of 
polymorphonuclear leukocytes to the site 
of injury. This is referred to as “chemo- 
taxis in vivo” (11, 12). Leukotaxine does 
not as yet explain the exact intrinsic 
cellular mechanism concerned in the 
motion of leukocytes, but it at least 
stands out as a concrete substance, liber- 
ated in exudates, that is definitely chem- 
otactic. This fact in itself offers a dis- 
tinct possibility for attacking the prob- 
lem further in an endeavor to determine 
how leukotaxine specifically affects the 
mobility of white cells so as to induce 
their migration to the site of im':m- 
mation. Whether electric charges have 
anything to do with the phenomenon 
remains to be proved. The end product 
of blood serum extracted for leukotaxine 
yields no activity as far as cell migra- 
tion is concerned. On the other hand, 
leukotaxine derived from exudates is 
definitely chemotactic, for its injection 
into tissues induces (within 13 to 14 
minutes with some fractions) not only 
a marked increase in capillary perme- 
ability but also a distinct migration of 
polymorphonuclear cells outward into 
the area of injury (Figs. 1 and 2). The 
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Fig. 1. Effect of leukotaxine extracted 
from an exudate (with the utilization of 
1N acetic acid in the final analysis) on 
capillary permeability in the dermis of 
the abdomen of a rabbit. Six milliliters 
of l-percent trypan blue in saline was 
injected intravenously. Note the accumu- 
lation of the dye within 25 minutes in 
the upper area owing to the increase in 
capillary permeability caused by leuko- 
taxine. No such effect is elicited by the 
mere injection of saline (lower area). 


chemotactic property of leukotaxine can 
be easily demonstrated by in vitro ob- 
servations. The placing of leukotaxine 
on a slide containing a drop of exudate 
is soon followed by orientation, migra- 
tion, and clustering of cells at the pe- 
riphery of particles of leukotaxine. No 
such effect is observed with either car- 
bon particles or reduced iron powder 
(4, 11, 12). 

In conclusion, leukotaxine extracted 
from inflammatory exudates offers a rea- 
sonable explanation for two of the basic 
sequences in inflammation—namely, the 
primary mechanism of increased capil- 
lary permeability and the local migra- 
tion of polymorphonuclear leukocytes. 
Besides these two functions, leukotaxine 
appears to be relatively innocuous as far 
as the induction of any appreciable de- 
gree of tissue injury is concerned. 


Role of Inflammation in Immunity 


Concomitantly with the increase in 
capillary permeability, induced primarily 
by leukotaxine, which is released in turn 
by injured cells at the site of an acute 
inflammation, there follows the rapid 
passage from the circulation of the 
plasma proteins into the area of injury. 
These are in order of magnitude: the 
albumin, globulins, and fibrinogen. In 
the presence of thrombokinase, the latter 
is precipitated out as a fibrinous network 
in tissues, now distended with edema. 
The lymphatic channels, which drain 
the particular area, are apparently more 
delicate in structure than capillaries and 
are therefore more readily damaged. 
They become filled with fibrinous plugs 
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or thrombi. A true lymphatic blockade 
ensues. Material injected into such a 
“walled off” or circumscribed area is in- 
capable of escaping through the lym- 
phatics. Such material is mechanically 
fixed at the site of the acute inflamma- 
tion owing to a blockage of lymphatics 
and the presence of a fibrinous network 
4). 

These observations have been ex- 
tended to the problem of bacterial in- 
vasiveness. The rapidity and intensity 
through which lymphatic blockade is 
established in an inflamed area serve as 
a gage of the invasiveness of a micro- 
organism—that is, if such a viable vector 
happens to be the irritant. Microorgan- 
isms disperse from their point of inoccu- 
lation via lymphatics. In this way it was 
shown that staphylococci are localizing 
microorganisms largely because of their 
marked injurious effect on tissue at their 
point of entry. There then results the 
rapid establishment. of a lymphatic 
blockade. On the contrary, the hemo- 
lytic streptococci produce a relatively 
mild local reaction. The lymphatics are 
maintained patent for as long as 2 days, 
thus allowing the microorganisms to dis- 
seminate freely. 

One is dealing with a paradox. The 
streptococci are feared microbes, whereas 
the reverse is usually held for the ubiqui- 
tous staphylococci. This is primarily due 
to the potent lethal effect and the prompt 
establishment of a lymphatic blockade 
by the staphylococci at their point of 
entry. The streptococci, on the other 
hand, are harmful to the organism as a 
whole owing to their unhindered disper- 
sive capacity through patent lymphatics 
(13). In this way it is seen that, from 
the standpoint of immunity, an acute in- 
flammation is the regulator of bacterial 
invasiveness (1/4). One can formulate 
this concept as follows: D = Kt/I, where 
D refers to dissemination from the point 
of entry, J is the degree of induced local 
injury and ¢ refers to time; K may be 
considered a constant that refers to the 
type of irritant and the anatomical loca- 
tion of the lesion. In other words, the 
invasiveness of a microorganism is to a 
large extent inversely related to the in- 
tensity of the local injury it induces 
(4, 14). 

The fixation or localization described, 
which is referable to lymphatic block- 
ade, is also an important principle. With 
some irritants, the “walled off” process 
occurs within 30 minutes after the in- 
jection of an irritant. This rapidity al- 
lows a definite interval for the irritant 
to be circumscribed and for the slug- 
gish leukocytes to assemble for phago- 
cytosis (4, 75). 

Finally, the capillaries eventually like- 
wise become occluded by thrombi. The 
inflamed area then becomes, so to speak, 
isolated from the rest of the organisms. 





It develops its own pH, metabolism, and 
local circulation. Prior to this type of 
local insulation, in which one may en- 
visage that the organism is protected at 
the expense of local injury, various inert 
materials or bacteria that have been in- 
travascularly injected concentrate in the 
area of acute inflammation because of 
the initial increased local capillary per- 
meability and the early simultaneous es- 
tablishment (with some types of irri- 
tants) of a lymphatic blockade (4). 

The foregoing immunological view is 
of the utmost importance in our under- 
standing of inflammation in its role in 
immunity. This, in the last analysis, is 
the most important aspect of inflamma- 
tion in body organization. 


Mechanism of Leukocytosis 
with Inflammation 


The leukocytosis-promoting factor is 
another potent biologic substance that 
was isolated in 1940 from the site of 
inflammation (/6), Leukotaxine intro- 
duced into the circulating blood fails to 
alter the number of white cells. Yet it 
is well known that in numerous inflam- 
matory processes the level of circulating 
leukocytes is considerably elevated. The 
leukocytosis has been shown to be refer- 
able to chemical units. The injection of 
whole exudative material derived from a 
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Fig. 2. Forty-four minutes after the in- 
troduction of leukotaxine into the cu- 
taneous tissue of a rabbit. The material 
injected was crystallinelike in nature. It 
also induced a markedly increased capil- 
lary permeability. Note that the capillary 
lumen is crowded with polymorphonu- 
clears actively migrating into the extra- 
capillary spaces. (About x 350.) 
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dog with a concomitant leukocytosis into 
the blood stream of a recipient dog in- 
duces a prompt leukocytic response. 
Neither leukotaxine nor blood serum is 
capable of eliciting such a response. The 
evidence indicates that there is a leuko- 
cytosis-promoting factor present in in- 
flammatory exudates. This factor, in 
contrast to leukotaxine, is nondiffusible 
through a cellophane membrane and it 
is destroyed by heat at 60°C. Its injec- 
tion is accompanied by a discharge of 
immature leukocytes into the circulation. 
Chemical extraction of exudates yields 
activity in the pseudoglobulin fraction 
(17). Cataphoretic studies with a Tise- 
lius apparatus indicate that the leukocy- 
tosis-promoting factor (LPF )is distrib- 
uted between the alpha, and alpha, 
globulins of exudates (18). Other pro- 
tein fractions, such as the albumin and 
the euglobulin, are ineffective in induc- 
ing a state of leukocytosis. The material 
is absent in normal blood serum, but it 
can be recovered from the serum of an 
animal with a concomitant inflammation 
(19). This fact suggests that it reaches 
the bone marrow by way of the blood 
stream. The material can be obtained 
from the exudates of dogs, of rabbits, and 
of human beings (20). 

The leukocytosis-promoting factor not 
only discharges immature granulocytes 
into the circulation but also induces a 
marked and specific growth in the bone 
marrow (2]). The result is a conspicu- 
ous hyperplasia of some of the hemato- 
poietic cells, notably the polymorpho- 
nuclear leukocytes and the megakaryo- 
Fig. 3 

In brief, the leukocytosis-promoting 
factor of exudates offers a reasonable 
explanation for the mechanism of leuko- 
cytosis that accompanies numerous in- 
flammatory processes. Its marked growth 
effect on some of the elements of the 
bone marrow may prove to have clin- 
ical implications. In fact, it has been 
shown that the canine material can be 
injected innocuously into human beings, 
in whom it likewise increases the white 
counts (22). The active group in the 
pseudoglobulin molecule has been shown 
to be due to a polypeptide (23). The 
factor also enhances the ordinary leuko- 
cytosis caused by an inflammation. This 
suggests the possible use of this substance 
on patients with various inflammatory 
disorders (24). There is another thermo- 
stable leukocytosis-promoting factor lib- 
erated in acid exudates that will be dis- 
cussed briefly in a subsequent paragraph. 


cytes 


Cytologic Sequence in Inflammation 


Another fundamental sequence in the 
development of the inflammatory reac- 
tion is the initial infiltration of poly- 
morphonuclear leukocytes, which are 
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Fig. 3. (Left) Femoral bone % 5 
marrow of a dog 2 days fol- 

lowing an injection of 14.5 
milligrams of pseudoglobuiin B J 
derived from normal blood 
serum. There is clearly no 
evidence of any hyperactivity. 
(Right) Femoral bone mar- 
row of a dog 2 days following ae 
a single injection of 13.5 mil- 
ligrams of the leukocytosis- 
promoting factor. The hy- 
perplasia is striking. (x 165) 2 
[From V. Menkin, Am. J. 

Pathol. i§, 1021 (1943)] 


subsequently replaced by macrophages. 
This is an almost invariable cytologic 
sequence. With some irritants, the poly- 
morphonuclear phase may be lengthened 
and the macrophage phase correspond- 
ingly shortened—for example, a staphy- 
lococcal abscess, or, vice versa, a tuber- 
cle. Nevertheless, the same basic prin- 
ciple is maintained. In 1934 it was ob- 
served that this phenomenon is referable 
to a developing local acidosis at the site 
of an acute inflammation (25). It was 
demonstrated in 1931 that the local cir- 
culation in an inflamed 2rea is mark- 
edly impaired. The lymphatic outlets 
become occluded (26), and in time 
thrombi are aiso found in the smaller 
vascular channels. 

Thus, as stated in a preceding section, 
the area of inflammation becomes more 
or less isolated from the rest of the or- 
ganism. It has already been pointed out 
that it develops its own hydrogen-ion 
concentration, its own circulation, and 
its own metabolism. The polymorpho- 
nuclear leukocytes brought to the site of 
injury primarily through the action of 
leukotaxine, as described, are unable to 
survive below a pH of 7.0, whereas the 
mononuclear phagocytes appear fairly 
normal at pH 6.9 to 6.8 At a somewhat 
lower pH all types of 1. .kocytes tend to 
be injured. The result is a state of sup- 
puration. Pus in acute inflammation is 
virtually a function of the hydrogen-ion 
concentration (4). For instance, a 24- 
hour exudate from the pleural cavity of 
a dog that has previously been injected 
with turpentine is primarily composed of 
polymorphonuclear leukocytes, whereas 
an exudate of several days’ duration at 
pH 6.5 reveals an absence of normal 
polymorphonuclear cells. The rise in 


hydrogen-ion concentration tends to pre- 


cede the change in the differential leu- 
kocyte picture (25). 

On the other hand, if the reaction re- 
mains alkaline during the development 
of the inflammatory reaction, the cellular 
picture is characterized throughout by a 
predominance of polymorphonuclear leu- 
kocytes. That the general effect is an 
inability on the part of polymorphonu- 
clear leukocytes to survive at an acid 





reaction has been demonstrated by sub- 
jecting leukocytes in vitro to buffers 
at various hydrogen-ion concentrations 
(27). In this way, it was readily shown 
that these cells tend to cluster and be- 
come swollen with coarse granulation at 
about pH 6.5. When they are supra- 
vitally stained, the nuclei take up the 
dye, indicating severe injury. These 
changes are absent in cells exposed to pH 
7.4. It should be mentioned that this re- 
lationship does not apply in rabbits (28, 
29). This may be referable to the ab- 
sence or reduction of proteolytic enzymes 
in the leukocytes of this animal (28, 30 

It “is important to determine the 
mechanisms of local acidosis in inflam- 
mation if one is to comprehend the 
forces at work in forming the cytologic 
picture at the site of an acute inflamma- 
tion. The alkali reserve of the exudate 
tends to decrease with the developing 
local acidosis (28). This in itself might 
be expected to occur, for it is another 
means of expressing the rise in hydrogen- 
ion concentration. Incidentally, it is well 
to emphasize again that all the biochemi- 
cal changes are local: the reaction of 
the blood remains essentially unaltered. 

The local acidosis seemed to be pri- 
marily referable to a glycolytic process 
28). The result was a true lactic acid 
acidosis. Several chemical variables had 
been studied in the exudate during the 
progress of the inflammatory reaction. 
These included the concentration of 
sugar and of lactic acid and the meas- 
urement of the pH, correlated in turn 
with the cellular picture. The conversion 
of glucose to lactic acid induced a local 
acidosis, with the resulting effect on the 
leukocytes that has been described. 

In conclusion, the cellular picture or 
the survival of leukocytes in inflamma- 
tion is primarily conditioned by the hy- 
drogen-ion concentration, which in turn 
seems to be referable to a disturbance 
in the intermediary carbohydrate metab- 
olism. The lymphocytes appear to be 
unaffected, at least directly, by the 
changes in hydrogen-ion concentration. 
The function of the latter cells is still 
somewhat obscure. The studies of Mc- 
Master and Hudack and the more recent 
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work of Harris suggest their possible role 
in the formation of antibodies (31, 32). 
Maximow and Bloom have pointed. out 
that in inflammatory exudates transitions 
from the lymphocytes to the large phago- 
cytosing macrophages can be found in 
great number (33). Finally, recent stud- 
ies in vitro indicate that leukotaxine is 
likewise chemotactic to mononuclear 
phagocytes (11). This phase will be par- 
ticularly significant if it can be shown to 
occur also in vivo. Such studies are now 
in progress. 


Diabetes and Inflammation 


The biochemical studies on the rela- 
tionship of the hydrogen-ion concentra- 
tion to the cellular picture at the site of 
an acute inflammation have led to fur- 
ther extensive investigation in an attempt 
to unravel the mechanism concerned in 
the intensifying of the diabetic state 
when there is a superimposed inflamma- 
tion in diabetic dogs (34). An inflamed 
area is a focus of proteolysis. At the site 
of inflammation in a diabetic animal, the 
breakdown of proteins is considerably 
exaggerated. 

Local sugar formation from the split 
part of the protein molecule by deamina- 
tion readily explains the heightening in 
blood sugar following the diffusion of 
sugar previously formed at the site of in- 
jury. Close analysis indicates that, in 
general, even in nondiabetic animals, 
sugar can be formed by injured cells. 
Such cells are therefore potentially foci 
of gluconeogenesis (35). The process is 
merely exaggerated in the diabetic ani- 
mal, and furthermore, there is an ab- 
sence of insulin. There is also some 
suggestive evidence that urea, besides 
originating in the liver, is possibly formed 
at the site of an acute inflammation 
(35). 

Studies performed in 1946 indicate 
that there is another toxic substance 
liberated at the site of injury, termed 
“necrosin,” which by itself is also capa- 
ble of heightening somewhat the level of 
blood glucose, presumably by releasing 
the latter from the liver (36). Thus, the 
state of diabetes complicated by inflam- 
mation appears to be reinforced by the 
formation of glucose locally from the in- 
jured cells and also perhaps by the re- 
lease of sugar from the liver through 
the effect of necrosin (36). The aspect of 
carbohydrate metabolism and its possible 
relationship to inflammation has been 
treated critically and at greater length 
elsewhere (12). The possible additional 
participation in the mechanism con- 
cerned of various endocrine structures, 
such as the adrenal cortex, the pituitary, 
or the thyroid, has been considered and, 
therefore, requires further study (12, 34). 
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Chemical Basis of Injury 
in Inflammation 


The fundamental stereopattern of in- 
jury in the development of the inflam- 
matory reaction, irrespective of the irri- 
tant, is of great importance. The irritant 
and anatomic location of the lesion may 
modify the ultimate appearance. Never- 
theless, close scrutiny reveals a basic pat- 
tern of injury, as manifested by the cardi- 
nal signs of inflammation described by 
Celsus at the beginning of our era. In ad- 
dition, damaged cells may show granular 
elements strewn through their cyto- 
plasm; the cells may be vacuolated; the 
collagenous bundles may appear to be 
swollen; and the nuclei may reveal vari- 
ous degrees of shrinkage. Another evi- 
dence of tissue injury found in a variety 
of acute inflammatory lesions is dis- 
played by the fibrinous occlusion of lym- 
phatics and also by the presence of small 
thrombi in the blood vessels of an in- 
flamed area. 

It may be asked whether the mecha- 
nism that accounts for the basic pattern 
of injury in inflammation is referable to 
a chemical unit. Leukotaxine scarcely in- 
duces any degree of injury to cells except 
for an augmentation of cellular permea- 
bility. The leukocytosis-promoting fac- 
tor elicits essentially no injury to tissues. 
Studies in 1943, however, have indicated 
that the euglobulin fraction of exudates 
is highly injurious to the cutaneous struc- 
tures of the rabbit and to some extent to 
those of the dog (37). There is thus an 
accumulated body of evidence that, 
either in the euglobulin fraction of par- 
ticularly acid exudates or else associated 
with it, there is present an injury factor 
that is capable per se of reproducing the 
nocuous effects seen in inflammation. 
This substance or factor has been termed 
“necrosin” (37). Its injection into the 
skin of rabbits is accompanied by intense 
redness, edema, and usually a central 
area of necrosis (Fig. 4). No other frac- 
tions of exudate appear to be capable of 
inducing any such severe effect. Further- 
more, the euglobulin fraction of normal 
blood serum elicits absolutely no appre- 





Fig. 4. Effect of necrosin injected into 
the skin of the foreleg of a rabbit. The 
acute inflammatory reaction with areas 
of central necrosis is about 1 day old. 
The necrosin was obtained from a dog’s 
exudate. [From V. Menkin, Arch. Pathol. 
36, 269 (1943)] 





ciable lesion in the skin of rabbits. On 
the other hand, the same fraction from 
the serum of a dog with a concomitant 
acute pleural inflammation may induce a 
severe inflammation. This observation 
suggests that the toxic substance is ab- 
sorbed from the site of inflammation into 
the circulation, from which it can be 
recovered. This fact is perhaps of signifi- 
cance in reevaluating the concept of a 
focus of infection and its far-reaching 
repercussions on other organs. 

Necrosin induces an acute inflamma- 
tion with blockade of the lymphatics. A 
section through such an area reveals 
zones of dense leukocytic infiltration in 
which the lymphatic channels may be 
occluded by thrombi. Small vascular 
channels may also show evidence of clot 
formation. On the other hand, the euglo- 
bulin fraction of normal serum leaves the 
lymphatic channels essentially patent. 
About 10 minutes after the injection of 
necrosin into the skin of rabbits, the con- 
nective tissue bundles éccasionally appear 
to be swollen, with a tendency to fuse 
together. The latter seems to be one of 
the first morphologic evidences of the 
injurious effect of necrosin on supporting 
structures (37). 

As stated previously, necrosin can at 
times be recovered from the blood serum 
of an animal with an acute inflammation. 
This interesting observation, which may 
reasonably explain the toxic effect of a 
lesion on organs at a distance, has sug- 
gested the necessity for examining the 
generalized effect on organs following 
an intravascular injection of necrosin. 
Although several organs, such as those 
in the gastrointestinal tract, may show 
evidence of injury, or various lymphoid 
structures may reveal signs of enlarge- 
ment and congestion, it is nevertheless 
only the liver and to some extent the 
kidneys that seem most frequently to 
show signs of damage. Many of the cells 
of the liver appear swollen and are laden 
with fat. The liver on gross examination 
is streaked with what seems to be yellow- 
ish or whitish foci. In some cases, the cell 
outlines have disappeared and the liver 
cords are stippled with coarse, black- 
stained granules that do not take the iron 
stain. The epithelial lining of the kidney 
tubules may show irregularities and vacu- 
olation, and foci of leukocytic infiltra- 
tion, separating some of the tubular struc- 
tures, may also be present (22, 37). 
Perhaps it should be pointed out that 
the various injurious biological effects ob- 
tained by ionizing radiation may well 
prove to be referable to the liberation of 
necrosin, as well as to some of the other 
factors, by cells that are injured, in this 
case, by a physical irritant. 

There are two additional properties 
of the euglobulin fraction of acid exu- 
dates that indicate its significance to the 
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student of pathology. The intravascular 
injection of this fraction into a dog may 
be accompanied by severe toxic manifes- 
tations, including vomiting and diarrhea. 
For a while the animal lies on its side 
and appears somewhat prostrated. Of 
greater significance is the abrupt fall in 
the number of circulating leukocytes, 
which is usually extremely marked. The 
white cell count may fall in an hour or 
two from about 10,000 to 1000 or 2000 
per cubic millimeter. After several hours 
the dog appears to be clinically improved, 
and the white cell count rises. Subse- 
quently, or on the following day, a leu- 
kocytosis may ensue. This leukocytosis, 
associated with the euglobulin of par- 
ticularly acid exudates, has been shown 
to be referable to a thermostable leuko- 
cytosis-promoting factor. The mechanism 
of leukocytosis with inflammation is thus 
ascribed to at least two factors that are 
liberated by injured cells: (i) the ther- 
molabile leukocytosis-promoting factor, 
(LPF), and (ii) a thermostable leuko- 
cytosis factor (38, 39). 

On the other hand, as just pointed 
out, the depression in the number of cir- 
culating leukocytes or the state of leuko- 
penia is also referable to two factors: 
(i) a leukopenic factor associated with 
the euglobulin of acid exudates (40) and 
(ii) leukopenin recovered in the pseudo- 
globulin fraction (4/7). Leukopenin 
is recovered in abundance from aged 
LPF (4/) and it appears to be present 
in alkaline exudates (4/). 

It is difficult to predict accurately the 
number of circulating leukocytes when 
there is a concomitant acute inflamma- 
tion. This indeterminate status is due to 
the fact, as just pointed out, that there 
are four factors involved. Two factors 
cause an elevation in the level of circu- 
lating leukocytes (LPF and the thermo- 
stable leukocytosis factor), and two fac- 
tors induce a decrease in the level of 
white cells (leukopenin and the leuko- 
penic factor). The ultimate level of leu- 
kocytes in the blood stream is a resultant 
of the interrelationship of these four fac- 
tors (12, 42). 

Of perhaps even greater interest is the 
fact that the intravascular injection of 
the euglobulin fraction of acid exudates 
in dogs is often accompanied by a marked 
rise in temperature simultaneously with 
the developing leukopenia, possibly of 
3° to 5°F. The studies of Grafe in 1910 
suggested that in infectious processes the 
fever is referable to the absorption of 
products of cellular disintegration. Other 
protein fractions of exudate—for exam- 
ple, the leukocytosis-promoting factor or 
the euglobulin fraction of normal serum 
—are incapable of inducing any fever 
when they are injected into the circulat- 
ing blood of a dog. The fact that the 
euglobulin fraction of acid exudates 
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seems to be the only fraction that has 
this capacity suggests strongly its possible 
role in the production of fever with in- 
flammation (37). 

In 1945 I succeeded in dissociating 
from the euglobulin fraction of exudates 
the fever-causing factor (43). I called 
this fever-inducing substance “pyrexin.” 
Pyrexin seems to give a reasonable ex- 
planation for the development of fever 
with inflammation. It seems to be a pro- 
tein split product, a polypeptide, to 
which there seems to be attached a car- 
bohydrate group. It is quite possible that 
the latter group is associated with the 
thermostable leukocytosis factor; but 
this requires further study (38, 39, 42). 
Pyrexin was brought to the crystalline 
state in 1952 (44). There is no factual or 
experimental evidence that pyrexin is a 
contaminant by bacterial pyrogens. On 
the contrary, all available evidence indi- 
cates that pyrexin is a direct product of 
cellular injury, which is recovered par- 
ticularly in acid exudates (12, 45, 46). 


Anti-inflammatory Problem 


In 1940 a report was made on the sup- 
pressing effect of whole adrenal cortical 
extract on the increased capillary per- 
meability caused either by whole exudate 
or by leukotaxine (47). In 1942 the same 
repressing effect was found with corti- 
sone (compound E) (48). These were 
the first observations on the anti-inflam- 
matory capacity of cortisone. 

Following the studies of Kendall, 
Hench, and their collaborators on the 
effect of cortisone on arthritis, these 
studies were resumed in 1951 (49-51). 
The earlier observations were confirmed. 
However, an interesting difference was 
also found. Whereas an alkaline exudate 
or its contained leukotaxine was repressed 
by whole adrenal cortical extract or cor- 
tisone, an acid exudate was incapable of 
being repressed by either adrenal cortical 
extract or by cortisone. As a consequence, 
it was found that at the stage of develop- 
ment when the inflammatory reaction is 
at an acid level (but independently of 
the pH of the exudate) another chemical 
factor appears to be liberated by the in- 
jured cells. This substance, like leuko- 
taxine, is also capable of increasing 
capillary permeability, but only in the 
later stages of inflammation. This factor 
has been termed “exudin” (50). In con- 
trast to leukotaxine, which increases 
capillary permeability in the earlier 
stages and induces the emigration of 
polymorphonuclear leukocytes to the site 
of inflammation, exudin does not cause 
any appreciable migration of the cells 
through the endothelial wall of the capil- 
laries. Exudin contains about 10 percent 
nitrogen. It can be obtained after first 


Table 1. Reactions of leukotaxine and 
exudin and some _ anti-inflammatory 
agents: 0 indicates suppression of capil- 
lary permeability to trypan blue; + indi- 
cates no effect on the increased capillary 
permeability to trypan blue. 





Component Adrenal Cortisone ACTH 


cortical or 

extract Cpd.F 
Leukotaxine 0 0 + 
Exudin : + 0 


discarding the,euglobulin fraction of acid 
exudates and ‘then following with re- 
peated reprecipitation of the pseudoglo- 
bulin-albumin fraction at one-third satu- 
ration of (NH,),SO,. Leukotaxine is 
suppressed by cither adrenal cortical ex- 
tract, cortisone, or hydrocortisone (com- 
pound F). On the other hand, none of 
these corticosteroids inhibit exudin. But 
ACTH or corticotropin suppresses exu- 
din (51). There are thus two compo- 
nents throughout the duration of an acute 
inflammation which increase capillary 
permeability, namely leukotaxine and 
exudin. These two components can be 
distinguished from each other by their 
differing reactions with some anti-in- 
flammatory agents. These facts can be 
briefly summarized as shown in Table 1. 

The effect of ACTH or corticotropin 
in repressing exudin is a direct one, for 
the same response can be elicited in 
adrenalectomized rats (52). This obser- 
vation does not controvert the classical 
physiological effect of ACTH on the 
adrenal cortex in releasing hydrocorti- 
sone or compound F, but the local in- 
flammatory reaction can be envisaged as 
a sort of sieve with a very extensive in- 
crease. in local capillary permeability. 
As a consequence, the injection of ACTH 
into the circulation of the animal induces 
a certain amount of seepage of this sub- 
stance into the inflamed focus, with sub- 
sequent direct action on the exudin that 
is liberated in turn by. the injured cells. 
Recent and as yet unpublished observa- 
tions with pure ACTH in the form of 
a-corticotropin, obtained through the 
kindness of Choh Hao Li, corroborate 
further the direct effect of ACTH with 
now this single chemical entity. a-Corti- 
cotropin represses in an inflamed area 
the increased capillary permeability re- 
ferable to either an acid exudate or 
exudin. This study tends to obviate the 
possibility of an impurity in the com- 
mercial ACTH to explain the earlier 
results. 

The mechanism involved has also been 
studied. The mechanism of an anti-in- 
flammatory steroid, namely hydrocorti- 
sone or compound F, seems to be at a 
cellular level. Cell activity is suppressed. 
In the sea urchin ova, as an isolated sys- 
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tem, cell division, following fertilization, 
is utilized as a criterion of cellular activ- 
ity (53). It is shown that cortisone, com- 
pound F, and ACTH reduce the inci- 
dence of cell division, whereas neither 
testosterone propionate as a control for 
the steroids nor somatrofin (STH) as a 
control for another anterior pituitary hor- 
mone has any effect in altering the pat- 
tern of cell division (53). More recent 
studies (in 1954) reinforce further the 
view of suppressed cell activity, for it 
has been shown that cortisone and ACTH 
significantly retard the rate of cleavage 
in sea urchin ova (Arbacia punctulata) 
(54). It has also been demonstrated that 
the permeability to water of these iso- 
lated marine eggs is definitely reduced 
by an average of 34 percent after pre- 
liminary exposure to cortisone (55). 

These findings of suppression of nor- 
mal cell activity have been transferred to 
a study of the mechanism of an anti-in- 
flammatory steroid in the dog (56). The 
activity of the injured cell at the site 
of an acute inflammation is likewise sup- 
pressed. The formation of the chemical 
factors responsible for the inflammatory 
reaction appears to be inhibited. Re- 
peated injections of compound F (hydro- 
cortisone) into an inflamed area sup- 
presses the activity of leukotaxine and 
the leukocytosis-promoting factor. In the 
case of the latter substance, at least, it is 
shown by in vitro studies that the cor- 
ticosteroid does not interact directly with 
the LPF, but that it evidently suppresses 
its formation by the injured cell. There- 
fore, here likewise the mechanism seems 
to be at a cellular level. Compound F 
(hydrocortisone) is an anti-inflammatory 
substance because it represses the injured 
cell from forming the very chemical sub- 
stances concerned in the development of 
inflammation (/1, 56). 

The anti-inflammatory corticosteroids 
are actually harmful and therefore con- 
traindicated in numerous _ infectious 
lesions—for example, tuberculosis and 
poliomyelitis. It seems that cortisone, by 
doing away with the chemical factors 
liberated in an inflamed area, allows free 
rein for microorganisms to proliferate 
and thus accentuates the pathological 
lesions caused by the microbes. It is prob- 
able that the anti-inflammatory agents 
should primarily be employed in non- 
infectious forms of inflammation. They 
are also of value in various eye infec- 
tions, which, if not interfered with, may 
be complicated eventually by corneal 
opacities (57). 


Homeostasis in Inflammation 


Homeostasis, as is well known, is a term 
coined by Walter B. Cannon in 1929 
that indicates that there are in the physio- 
logical organism factors that tend to 
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maintain the constancy of the internal 
environment (58). For instance, tem- 
perature, pH, or blood volume tend 
under physiological circumstances to 
maintain definite constancy. This view is 
essentially an extension of the concept 
evolved by Claude Bernard, namely, that 
there tends to exist a “milieu interne” in 
the body organization. 

In a dynamic pathological process, 
such as that encountered in a local in- 
flammation with the progress from an 
initial alkalinity to a frank acidity, there 
is the production by injured cells of a 
number of chemical factors. The com- 
mon denominators liberated in the ex- 
udate seem responsible for the diversified 
biological manifestations of inflamma- 
tion. Despite the changes in pH level at 
the site of an acute inflammation, there 
are produced various chemical factors 
having, nevertheless, the same biological 
properties—that is, regardless of whether 
a state of local alkalinity or local acido- 
sis develops. In this way, a systemic 
homeostatic state is maintained through- 
out the duration of the inflammatory re- 
action (50, 59). The concept can be 
clarified further by listing the following 
examples. 

1) Leukocytosis. In the initial alkaline 
stage of inflammation, the elevation in 
the number of circulating leukocytes is 
referable to the thermolabile leukocyto- 
sis-promoting factor (LPF). In the sub- 
sequent acid stage, the state of leukocy- 
tosis is ascribed to the liberation of the 
thermostable leukocytosis factor. 

2) Leukopenia. In the alkaline phase 
of the inflammatory reaction, the libera- 
tion by injured cells of leukopenin seems 
to be the primary factor necessary to ex- 
plain reasonably the occasional state of 
initial leukopenia, whereas in the acid 
stage the fall in circulating leukocytes is 
apparently due to the production of the 
leukopenic factor of acid exudates. 

3) Permeability. The increased capil- 
lary permeability at the beginning of the 
inflammatory reaction is induced pri- 
marily by leukotaxine, whereas the in- 
creased seepage of fluid through the 
capillary wall in the acid stage seems to 
be referable to exudin. 

4) Fever. Fever is primarily referable 
to the liberation of pyrexin. This sub- 
stance is frequently although not invari- 
ably liberated in acid exudates. There is 
the possibility, however, that there is also 
a pyrogenic factor in polymorphonuclear 
leukocytes. This would possibly place 
this factor primarily in the initial or alka- 
line phase of the inflammatory reaction 
(43-46, 60 

In brief, it is by these various sub- 
stances liberated at either an alkaline 
pH or at an acid pH, depending on the 
state of the inflammatory reaction at a 
given time, that the systemic manifesta- 
tions are maintained in a constant state. 





In this manner, with a pathological proc- 
ess, physiological homeostasis of the or- 
ganism as a whole is maintained despite 
the progressive local chemical changes in 
the area of acute inflammation. 


Repair 


An inflammatory lesion heals. When 
damage is merely to the epithelial lining, 
normal regeneration occurs by simple 
mitosis. When a clean-cut wound is made 
at operation, relatively aseptically, and 
when the edges are brought together by 
suture, healing occurs rapidly by “pri- 
mary union,” or, as it is sometimes 
termed, “healing by first intention.” 
There is hardly any fibrin or exudate. 
Fibroblasts move to the line of incision. 
At the line of cut a few polymorpho- 
nuclear leukocytes may appear because 
of the injury caused by the knife. Within 
a few days, firm union occurs. More and 
more fibroblasts and their collagenous 
bundles are deposited. The result is a 
scar or a cicatrice that becomes bloodless 
and usually persists indefinitely. 

When the wound is open or if it sup- 
purates, healing is somewhat slower and 
it proceeds somewhat as follows. Fibro- 
blasts grow in abundance once the irri- 
tant has been localized and disposed by 
the various forces and by some of the fac- 
tors discussed in this article. Accom- 
panying their growth, there is active pro- 
liferation of the capillary endothelium. 
New capillaries sprout, growing from 
the base of the wound upward. When the 
scab of a wound, for instance, is re- 
moved there is a raw, reddish-appearing 
surface, rather granular. This is often re- 
ferred to as “granulation tissue.” The 
combination of the reparative factors 
consisting of fibroblasts and capillary 
sprouts with numerous new lymphatic 
channels is termed “vascular organiza- 
tion.” After a longer period, more col- 
lagen is deposited. There is a tendency 
for contraction to occur, and we have, 
as a result, a scar or cicatrice. 

This is a brief account of the well- 
known essentials in the repair processes 
of an inflamed area. Now, what is the 
stimulus that favors the growth of fibro- 
blasts and capillary endothelium? A 
number of years ago it was found that 
exudative material recovered from an 
area of inflammation appears to contain 
one or perhaps even several growth-pro- 
moting factors (61). The experimental 
procedure consisted in repeatedly inject- 
ing into the tragal region of the rabbit’s 
ear 0.5 milliliter of inflammatory exu- 
date. The course of injections ranged 
from 1 to 7’ months. Following the ces- 
sation of injections, an interval of time 
ranging from 1 day to 7% months was 
allowed to elapse. At that time, it was 
found that varying degrees of growth re- 
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actions appeared. These involved the 
cartilage and epithelium. The epithelial 
layer manifested pronounced hyperplas- 
tic response, with islets of keratiniza- 
tion. The dipping down of epithelial 
tonguelike projections into the corium 
was somewhat reminescent of the pic- 
ture seen in some of the tar-induced can- 
cer in rabbits described by the earlier 
writers. However, there was no definite 
evidence of any neoplastic formation. 
The architecture of the original cartilage 
plate was in many instances obliterated. 
Heterogenous, irregularly branching, and 
newly deposited cartilage cells were in 
evidence. In a few instances, metaplastic 
bone transformation appeared at the site 
of the original cartilage plate. 

Recently it has been shown that the 
growth factor or factors present in exu- 
dates can be recovered as a diffusible 
component following vigorous dialysis, 
and subsequent concentration of the dif- 
fusate in a vacuum at reduced tempera- 
ture of about 40° to 50°C. Such diffusible 
material induces proliferation without 
any significant inflammatory reaction 
(52, 62, 63). This can also be shown to 
some extent after repeated injections in 
the tragal region of the ears of rabbits 
(12,62). A more convenient region is the 
vicinity of the nipples of nonpregnant 
rabbits. Hyperplasia of breast tissue and 
cystic dilatation of the ducts develop fol- 
lowing the repeated local injections (63). 
Control injections with the diffusate of 
blood serum or saline injections fail gen- 
erally to induce proliferative lesions to 
the same extent as found in the experi- 
mental areas. The nondiffusible material 
remaining in the cellophane tube can be 
extracted for necrosin and shown to be 
markedly injurious to cells. In brief, an 
injury factor can be dissociated from a 
a proliferative factor or factors liberated 
into the exudate at the site of inflamma- 
tion (Fig. 5). These findings may be of 
significance in our further understanding 
of the reaction of repair following an 
acute inflammatory process. A picture 
may result which resembles that encoun- 
tered in chronic cystie mastitis. Some 
workers have considered this type lesion 
to be precancerous in character (64). 
Furthermore, the process appears to be 
accelerated with the superimposition of 
a carcinogenic hydrocarbon—for exam- 
ple, methylcholanthrene (1/2, 63). 

In a recent study on a homogenized 
aqueous extract of the ovaries of the sea 
urchin, Arbacia punctulata, an accelera- 
tor mitotic factor was observed that 
per se accelerates the cleavage of fer- 
tilized sea urchin ova (12, 65). In the 
same extract, a different fraction was also 
obtained that tends to be antimitotic in 
character and that actually retards cleav- 
age (12, 66). The accelerator cleavage 
factor in the extract of the now-injured 
ovaries is diffusible. It is thermostable, 
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and absorption spectrum measurements 
indicate that it probably is.a nucleotide 
(12, 65). The diffusible proliferative fac- 
tor of exudate described here appears, 
however, not to be a nucleic acid deriva- 
tive. Preliminary chromatographic stud- 
ies suggest the possibility that a peptide 
may be involved (12 

Finally, the presence of a growth-pro- 
moting factor liberated by injured cells 
may also prove to be of importance in 
our understanding of carcinogenesis or in 
the development of neoplastic processes 
in which cellular disequilibration seems 
to be brought about by a variety of means 
(for example, chronic irritation, virus in- 
fection, and hormone imbalance). When 
such cellular disturbance occurs and is 
superimposed on a genetically suscep- 
tible organism or in the presence of a 
chemical carcinogen, neoplastic devel- 
opment may be favored (1/2, 42). 


Conclusions 


The presence of leukotaxine, exudin, 
the leukocytosis-promoting factors, ne- 
crosin, pyrexin, and the leukopenic fac- 
tors in inflammatory exudates offers a 
reasonable explanation for the develop- 
ment of a fundamental pattern in inflam- 
mation. Observations suggest that an 
irritant, irrespective of its nature, se- 
verely injures cells, which in turn, as a 
result of their deranged metabolism, lib- 
erate these various common denomina- 





Fig. 5. The dissociation of the necrotiz- 
ing factor in exudates (necrosin) from 


‘a present proliferative growth-promoting 


factor. (Area 1) The effect of necrosin 
extracted from the residual fraction of 
canine exudate after dialysis. Note the 
typical necrotizing inflammation. (Area 
2) Note the absence of any pronounced 
visible effect when concentrated canine 
diffusate of an exudate was injected into 
the skin of a rabbit. [From V. Menkin, 
Intern. Arch. Allergy and Appl. Immunol. 
4, 131 (1953)] 


tors. These chemical substances, which 
are to be regarded as constant products 
of marked cellular injury, are responsible 
for the recognized pattern of the inflam- 
matory reaction. 

The interplay of the sequences de- 
scribed in this article (67) favors the lo- 
calization and the ultimate disposal of 
the irritant. This leads to the final re- 
parative phase of the injured area. Nu- 
merous observations indicate that repair 
may also be due to the liberation of a 
growth-promoting factor or factors by 
mildly injured cells. The growth-promot- 
ing factor or factors appear to be a dif- 
fusible component in exudative material. 
Necrosin seems to be released by the cell 
that is severely injured by an irritant, and 
thus the appearance of necrosin is signi- 
ficant in the development of the inflam- 
matory process. Its chemical separation 
from the rest of the exudative fluid is 
a necessity in any endeavor to extract 
proliferative or reparative factors de- 
rived from probably less severely injured 
cells. Studies on invertebrate tissue (ex- 
indicate 
the presence of a diffusible accelerator 
mitotic factor in the extract. This latter 
appears to be a nucleotide. 

Sufficient material has been presented 
in the foregoing discussion to point out 
some of the important sequels of in- 


tract of ovaries of sea urchins 


flammation. For instance, it has been 
pointed out how the formation of glucose 
by injured cells complicates the all-im- 
portant disease of diabetes. It has also 
been shown that the release of a toxic 
material, necrosin, from the area of in- 
flammation may injure internal organs 
such as the liver and the kidneys. Py- 
rexin, which is liberated from injured 
cells at the site of an acute inflammation, 
is responsible at least in large part for 
the manifestation of systemic fever. It is 
thus clear that inflammation is not an 
exclusively localized reaction but that it 
may have far reaching effects on organs 
situated at a distance. Furthermore and 
conversely, as is pointed out here and 
elsewhere, various endocrine glands, such 
as the pituitary and the adrenal cortex, 
may exert definite influences on the 
course of the inflammatory reaction (/2 
The possible role of nerves is likewise 
not to be overlooked (/2 

Finally, in the foregoing discussion, a 
biochemical theory of inflammation has 
been presented. There are, however, 
other biochemical aspects that can be de- 
scribed so that, necessarily, only a partial 
spectrum of the problem has been out- 
lined here. A number of extremely im- 
portant points have not been discussed for 
the reason that these aspects have either 
been very adequately treated previously 
and frequently by other investigators, 
or else they are not exactly relevant 
to the biochemical and immunologi- 
cal point of view of inflammation as I 
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have described. it. Some of these have 
been treated elsewhere (/2). For in- 
stance, the all-important subject of pha- 
gocytosis has intentionally been omitted 
here. Metchnikoff, the founder of the 
phagocytic theory, as well as his follow- 
ers, have treated very adequately this 
paramount and well-known subject, now 
considered to be a cornerstone of in- 
flammation. 
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Metamorphosis 


A Physiological Interpretation 


During the past decade there has been 
evident an-inereasing number of cooper- 
ative efforts by scientists who represent 
research disciplines considered widely 
separated. However, a few areas of the 
biological sciences remain in which the 
techniques of the physical scientist and 
experimental biologist are generally over- 
looked. Thus, taxonomists continue to 
depend on gross morphological or ana- 
tomical criteria for their deductions (/). 
In the few cases in which experimental 
or analytic data have been so employed 
(2), this use has been through the efforts 
of a few biochemists and physiologists 
who have applied their findings to phylo- 
genetic or taxonomic deductions. I should 
like to show here how recent findings by 
other physiologists and myself may serve 
as a basis for the critical examination, if 


534 


Morris Rockstein 


not the revision, of the established con- 
cepts of insect metamorphosis. 
Although the definition of metamor- 
phosis includes all the changes in form 
that occur during postembryonic devel- 
opment, most entomologists tend to limit 
their concept of this phenomenon to the 
transformation from the juvenile form 
(the larva) to the adult, or imago. One 
result of this limited concept has been 
artificial grouping of various orders of 
insects into groups such as the Ameta- 
bola, Paurometabola, or Holometabola 
according to the extent to which the ju- 
venile stages differ in outward appear- 
ance from their corresponding imagoes. 
A number of competent entomologists 
admit that such a classification is arti- 
ficial, especially from the phylogenetic 
standpoint. In his excellent monograph, 
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Snodgrass (3) writes that “insects can- 
not be classified taxonomically accord- 
ing to the type of metamorphosis they 
undergo” and that “true metamorphic 
characters are adaptive structures . 
that have no phylogenetic counterpart 
in the adult evolution.” This point is 
best illustrated by insects with complete 
metamorphosis, for they can hardly rep- 
resent a monophyletic group. A more 
likely hypothesis is that holometaboly 
arose independently on several occasions 
during the evolution of the different 
orders of insects (4). In the course of 
his discussion, Snodgrass (3) also cites 
postemergence metamorphic changes, 
of which several cases are known, and 
anamorphosis or body segmentation after 
hatching. Since entomologists consider 
metamorphosis to be complete, except 
for sexual maturation, when the juvenile 
characters are discarded, the usual in- 
terpretation of these changes is that they 
are exceptions to the rule. 

My own investigations arid those of 
other physiologists interested in meta- 
bolic pathways in insects at different 
stages of development indicate a different 
interpretation. These findings suggest 
that visible transformation to the adult 
should not be considered as a terminal 
event but as one in a series of changes 
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that result ultimately in. the mature 
adult. If my interpretation is correct, a 
number of mo ‘ryptic biochemical 
changes must occur following the emer- 
gence of the adult. I shall calf this series 
of changes “postemergence maturation” 
and characterize this period as one of 
“metachemogenesis.” 


Patterns of Postemergence Maturation 


Let me begin with a review of certain 
changes that I and others have observed 
in the adult forms of the worker honey- 
bee, the housefly, and Drosophila sp. In 
my study of the cellular and biochemical 
changes that accompany the aging of the 
adult worker honeybee, I observed (35) 
that during the first week of adult life 
the cholinesterase activity of brain ho- 
mogenates increased by 20 percent. In 
a subsequent investigation of the total 
body activity of the acid and alkaline 
glycerophosphatase system of adult 
worker bees, I found (6) that during the 
first week to 10 days of adulthood a re- 
ciprocal mechanism existed in which the 
activity of the acid enzyme rose by 90 
percent, while that of the alkaline en- 
zyme fell by about 50 percent. 

In both studies, once the various lev- 
els of activity were reached, they re- 
mained constant through the remaining 
portion of the life of the bee. A study of 
the housefly, a species with a life span 
considerably shorter than that of the 
honeybee, reveals comparable data. 
Within 24 hours after the emergence of 
the adult, the brain cholinesterase activ- 
ity may rise as much as 100 percent. This 
level is maintained for at least a week or 
longer (7). Studies of Drosophila have 
shown the occurrence of concomitant in- 
crements in wing-beat frequency and 
glycogen content during the first 7 days 
after adult appearance (8). Additional 
studies of Drosophila (9) have shown 
that both glycogen and fat accumulate 
rapidly during the first 2 days after adult 
appearance and then increase gradually 
to a maximum during the next 3 days. 
The maximum is maintained for at least 
10 days. 

In my interpretation, the changes in 
the worker honeybee, the housefly, and 
Drosophila represent fragments of inte- 
grated patterns of postemergence matu- 
ration at the cellular level. These changes 
are related to the final development of 
certain adult characters which in turn 
are related to various neuromotor activ- 
ities, particularly those concerned with 
flying. 

The enzyme cytochrome oxidase has 
been studied by investigators interested 
in the role of this enzyme and the entire 
cytochrome system in insect develop- 
ment. Obscured, if not hidden, in a num- 
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ber of reports there is repeated evidence 
that this system is also involved in pest- 
emergence maturation in a number of 
species. of flies. In houseflies (10), its 
activity declines steadily during the: first 
2 days of pupal life and then rises sharply 
in a U-shaped curve resembling the oxy- 
gen consumption patterns of pupae of 
many holometabolous insects. Of partic- 
ular interest is the fact that after adult 
emergence, the activity of this enzyme 
continues to rise, reaching a maximum 
by the third day of adult life, the value 
of which is 2 to 3 times that of an adult 
less than 1 hour old. In Drosophila viri- 
lis (11) a remarkably similar pattern is 
exhibited in the pupal and adult stages. 
The high level of activity of the late pre- 
pupal larva is reached again in the newly 
emerged adult. The enzyme continues to 
increase in concentration and reaches a 
maximum 3 days after emergence, the 
value of which is 80 percent above that 
of the young adult. 

In a singularly well-planned study of 
certain moths, Carroll Williams and his 
coworkers have extended our under- 
standing of the endocrine-enzymatic 
mechanisms that underlie and coordinate 
the differentiation, the growth, and the 
development of the adult from the pupal 
form. Thus, in the pupa of the cecropia 
moth, the onset of adult development is 
marked by the initiation of secretion of 
a growth and differentiation hormone by 
the prothoracic glands. This secretion 
has been triggered, in turn, by a stimu- 
lating hormone released from certain 
neurosecretory cells of the brain, as a 
result of exposure to low temperature. 
Concomitant with the burst of mitotic 
activity, signaling initiation of adult de- 
velopment, there occurs a rapid rise in 
cytochrome c synthesis. Conversely, dur- 
ing the early stages of adult development, 
the concentrations of cytochrome b and 
cytochrome oxidase, as well as the con- 
centrations of two dehydrogenases, fall 
precipitously (/2). 

Of particular importance is the fact 
that rapid synthesis of cytechrome oxi- 
dase is begun on the second day of adult 
development. This marks a shift from a 
cyanide-insensitive system in the dia- 
pausing pupa, with a flavoprotein as the 
terminal oxidase, to a cytochrome sys- 


tem, the shift being essential to the me- 


tabolism of morphogenesis in the adult. 
It is not clear from Williams’ reports, 
however, exactly how long the cyto- 


chrome system continues to play a domi- 


nant role in metamorphosis after the 
adult emerges. Evidence obtained in cer- 
tain studies of Drosophila virilis (11) 
suggests that in insects such as the cecro- 
pia moth this dominance may also con- 
tinue into the adult life. 

This inference is strengthened by a re- 
cent study of the Japanese beetle (1/3), 


in which is reported a comparable pat- 
tern, from diapause through early adult- 
hood, of changes in cytochrome oxidase 
activity. Despite certain differences be- 
tween these findings and those for other 
species, a characteristic U-shaped activ- 
ity curve during pupal “metamorphosis” 
is followed by an increase in cytochrome 
oxidase in the adult beetle, the maximum 
value of which is 2.5 times that of the 
highest activity observed in the last hours 
of pupal life. It is germane to these con- 
siderations to remark that in the early 
reports by Keilin of the occurrence of 
cytochrome compounds in animals (/4), 
although generally unnoticed, the obser- 
vation is to be found that the “cyto- 
chrome” concentration in insects rises 
during the early days of adult life. 


Sites of Action 


The series of interrelated changes re- 
flected in the obviously limited set of 
data summarized here must ultimately 
be defined more precisely at the tissue 
and cellular levels. Indeed, a few investi- 
gators have been engaged in describing 
the biochemical properties of the dis- 
crete cytoplasmic particles located in the 
flight muscles of certain orders of holo- 
metabolous insects (Diptera and Hy- 
menoptera); these particles are the sar- 
cosomes or giant mitochondria. In one 
species of fly, Phormia regina, the activ- 
ity levels of cytochrome oxidase and 
catalase in isolated sarcosomes show a 
rapid drop during the first 4 days fol- 
lowing adult emergence (15). More re- 
cently, as reported in a personal commu- 
nication, Levenbook found that, during 
the first week of adult life in P. regina, 
not only the dry weight of the sarcosomes 
but also the concentration of cytochrome 
¢ triples in value. Moreover, other cyto- 
chrome components appear to rise pro- 
portionately during this same period. 
The concomitant rise in wing-beat fre- 
quency, reaching a maximum by the 
seventh day of adult life, points to the 
cytochrome system as playing an impor- 
tant role in the metabolism of wing ac- 
tion. At least in the case of this species 
cf fly, a well-defined site of action of 
postemergence maturation, related to the 
full development of a particular adult 
function, appears to have been precisely 
located within the sarcosomes of the ap- 
propriate muscles. 

The set of data I have cited empha- 
sizes the continuity of the pupal and 
imaginal stages of holometabolous in- 
sects. As such, the data lend strong sup- 
port to the theory of Poyarkoff, which 
interprets the pupa as a preliminary 
imaginal stage and not as the last 
nymphal instar, a theory for which Snod- 
grass (3) has ably presented a consid- 
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erable body of evidence of an embryo- 
logical, comparative morphological, and 
endocrinological nature. In certain fly- 
ing insects, this continuity has been mark- 
edly manifest in a well-integrated pat- 
tern of postemergence development of 
the neuromotor mechanism, reflected in 
the heightened activity of the cholines- 
terase system, in the enhanced storage of 
glycogen, and in the increased activity 
of enzymes concerned with respiration 
and energy release within the flight 
muscles. This period of cryptic meta- 
chemogenesis, through which the newly 
emerged adult must pass in order to 
complete its development, I consider to 
be, at the very least, a characteristic fea- 
ture of holometabolous insects. 

That a period of metachemogenesis 
may characterize all insects possessing 
any kind of metamorphic growth is sug- 
gested by other recent studies. In these 
studies (16), succinoxidase activity of 
the thoracic flight muscles in both sexes 
of the woodroach and in the male Amer- 
ican cockroach, insects with gradual 
metamorphosis, has been observed to 
rise continuously after the final molt to 
a maximum by the tenth day of adult 
life. Moreover, Brooks (17) found that 
changes with age in succinoxidase activ- 
ity in the basal leg and wing muscles of 
this insect are correlated with changes 
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in color. In male cockroaches, for ex- 
ample, muscle color is white at the last 
nymphal molt and changes to pink 
shortly after emergence. The pink hue, 
as well as the enzyme activity, then in- 
creases rapidly in intensity and reaches 
a maximum at about | month after adult 
emergence. These findings for insects 
with gradual metamorphosis correspond 
closely to those presented earlier for 
holometabolous insects. They raise fur- 
ther doubts concerning the validity of 
the taxonomic separation of insects with 
metamorphic growth into three major 
categories, an otherwise arbitrary sepa- 
ration based on superficial criteria and 
with no great phylogenetic significance 
18 
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News of Science 


International Cooperation in 
Arid Zone Research 


Scientists who took part in the Inter- 
national Arid Lands Meetings in New 
Mexico last spring [Science 122, 61 
(1955)] will find many of the ideas that 
emerged there embodied in the broad 
program for international cooperation 
in arid zone research that UNESCO is 
planning to sponsor for the 2 years ahead. 
This became plain when outlines of that 
program were reviewed by the Advisory 
Committee on Arid Zone Research at 
its tenth session in November. 

It is difficult to assess the results of an 
effort that aims at speeding up the flow 
of ideas across international and inter- 
disciplinary boundaries, but in the 5 
years that this UNESCO group has been 
operating there is substantial’ evidence 
of favorable effects. UNESCO has not 
sought to become an operating agency 
that would carry on its own research. 
Rather, it has been a kind of interna- 
tional catalytic agent—operating at mod- 
est cost—that has brought the experience 
of many individuals and groups to bear 
on problems common to the arid lands. 

Although a popular account of this 
work recently has been published 
‘UNESCO Courier 8-9 (1955) ]}, it may 
be helpful to note three concrete exam- 
ples of the kind of benefits that are flow- 
ing. (i) Under its fellowship scheme 
UNESCO enabled a young Peruvian 
scientist to study at the Salinity Labora- 
tory in Riverside and to work with the 
Central Irrigation Board in India. He is 
now heading up a small research station 
on arid lands problems, Peru’s first ven- 
ture of this character. (ii) Under 
UNESCO’s scheme for sponsoring in- 
ternational symposia, a number of scien- 
tists concerned with plant ecology gath- 
ered at Montpellier in 1953. [Plant Ecol- 
ogy, Proceedings of the Montpellier Sym- 
posium (1955)}. 
wider interest in the application of eco- 
logical knowledge to pasture manage- 
ment in the whole Mediterranean area, 
and Emberger has been invited to con- 
sult with workers in the field around 
the Eastern Mediterranean during the 
current spring. (iii) Several new research 
stations are taking shape in that area 


30 MARCH 1956 


This has stimulated” 


government plans will probably be an- 

nounced shortly), and increased work 
has been stimulated at established ones. 
No one knows precisely how far the 
UNESCO influence has extended, but 
it is clear that the net results already 
are solid. 

In the years immediately ahead, it is 
expected that efforts will be channeled 
along the following lines, some of them 
noted in an earlier article [Science 120, 
15 (1954)]. 

1) Reviews of the status of research 
will be commissioned and published on 
four areas of investigation: (i) the his- 
tory of land use, particularly agriculture, 
in arid and semiarid regions, which will 
try to emphasize the lines of study of 
past resources use, such as archeological 
studies of ancient water-spreading sys- 
tems, that may throw new light on the 
potentialities and possible permanence 
of contemporary land use; (ii) the modi- 
fication of soil structure under various 
land-use practices, such as grazing, dry- 
land farming, and irrigation farming; 

iii) the water requirements of plants, 
especially the efficiency of transpiration, 
the relationship of transpiration and 
photosynthesis, and the regulation of 
transpiration; (iv) methods of _prospec- 
tion and evaluation of water resources, 
study of the hydrological balance of 
aquifers, and methods for their recharge. 
In each case, a series of specific papers 
will be invited from workers in countries 
where there has been new research and 
then collated in a volume that will be 
given international distribution. Exam- 
ples of papers of this character contrib- 
uted by United States scientists in recent 
years are Howe’s “Utilization of sea wa- 
ter” [Reviews of Research on Problems of 
Utilization of Saline Water (1954) ]}, Hay- 
ward’s “Plant growth under saline condi- 
tions” [Reviews of Research on Problems 
of Utilization of Saline Water (1954)}, 
McGinnies’ paper on plant ecology in 
the United States and Canada [Plant 
Ecology—Reviews of Research (1955)], 
and Linsley’s “Report on the hydrolog- 
ical problems of the arid and semiarid 
areas of the United States and Canada” 
[Reviews of Research on Arid-Zone Hy- 
drology (1953)}. The volume on saline 
water currently is being revised. 


2) In cooperation with the Govern- 
ment of Australia an international sym- 
posium on climatology will be held in 
Australia in October 1956. There, an in- 
vited group numbering approximately 50 
will give attention to current research 
and possible future lines of investigation 
relevant to arid and semiarid areas. The 
emphasis will be on microclimatology, 
and the program will include such topics 
as evaporation and the water balance, 
the thermal balance, interrelationships 
of climatic elements and flora and fauna, 
and modification of microclimate. 

3). After extended exploration of the 
need for integrated surveys of associated 
resource problems in arid regions, the 
committee thought it best not to finance 
its own pilot surveys in selected countries. 
The complications of personnel, organi- 
zation, and method seemed too strong. 
UNESCO will give financial help to 
countries that desire to develop survey 
groups in their own areas, it will offer 
fellowships to persons preparing for that 
work, and it will sponsor a review of the 
experience thus far by such groups as 
the Lands Research and Regional Survey 
of CSIRO in Australia, the watershed 
survey teams of the Department of Ag- 
riculture in the United States, and the 
desert agriculture surveys in Israel. This 
concern with integrated surveys is rooted 
in a desire to see new resources field work 
in the arid zones geared to contribute as 
effectively as possible to sound conclu- 
sions on resources development. Single- 
purpose surveys centering on one prob- 
lem have been the rule often in the past, 
and for a variety of reasons they may 
prevail in the future, but where it may 
be practicable to combine basic study of 
landforms, climate, soils, vegetation, and 
hydrology in the same area at the same 
time this is to be desired. 

4) A-small program of research grants 
will be continued. This will favor proj- 
ects that have probable international sig- 
nificance in areas where other financial 
support is available. Samples of projects 
that have received partial UNESCO sub- 
ventions in recent years are Duvdevani's 
study of dew at the Earhart Laboratory 
and Schmidt-Nielson’s study of the physi- 
ology of the camel at Beni-Abbes. 

5) Major emphasis during the pro- 
gram proposed for 1957-58 is to be 
placed on the sector of the arid zone that 
lies between and includes Egypt and 
India. Aid to the research stations and 
fellowship grants to promising younger 
scientists will be concentrated in this 
area. Probably a special symposium will 
be held in this area. Here, in lands where 
great civilizations have flourished in deli- 
cate adjustment to scanty rainfall, there 
is heavy pressure of population on the 
land, and there is keen interest in new 
water-development undertakings. Pro- 
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motion of improved practices in the heav- 
ily grazed grasslands has been a major 
concern of the Food and Agriculture 
Organization in cooperation with the 
member countries through special work- 
ing parties on pasture and fodder devel- 
opments. FAO also has sought to direct 
constructive attention to the problems of 
drainage and salt accumulation in irri- 
gated areas throughout the Middle East, 
problems that threaten the future stabil- 
ity of agriculture in large areas [FAO, 
Report on Near East Regional Meeting 
on Irrigation and Drainage Practices 
(1954)]. Success along these lines will 
require patient and knowing education 
aimed at applying present scientific 
knowledge of grazing and irrigated lands 
to local situations. Drastic readjustments 
in land use, land tenure, and community 
organization will be necessary in many 
instances. However, even with the most 
sensitive and effective educational work, 
there will remain major questions that 
will be solved only as a result of new re- 
search in the field. Thus, the UNESCO 
encouragement of basic investigations by 
well-trained staffs should lay the ground- 
work for extension and devclopment ac- 
tivities a decade later. 

In harmony with this effort to encour- 
age some consistent government atten- 
tion to basic research on problems of 
aridity in the zone between Cairo and 
New Delhi, the advisory committee has 
recommended early publication on an 
appropriately large scale of maps show- 
ing the water budget. Investigators of all 
aspects of arid lands have recognized 
the need for understanding water surplus 
or water deficit. These are covered in a 
project recently completed by Carter at 
the Laboratory of Climatology [D. B. 
Carter, “Climates of Africa and India 
according to Thornthwaite’s 1948 classi- 
fication,” Lab. Climatol. Publs. 7, 4 
(1954) ]. 

Financing of this UNESCO program 
beyond 1956 will depend on authoriza- 
tion from the general conference to be 
held next November. The arid zone work 
is listed as one of two “major projects” to 
be reviewed in the budget at that time. 
The tentative budget was examined by 
the executive board last November and 
now is before the member governments 
for consideration. At the meeting of the 
United States National Commission for 
UNESCO last autumn, there was exten- 
sive discussion of the arid zone activities, 
and there was some talk of organizing a 
national group or committee to deal with 
these activities. In a few countries, such 
as Mexico, this already has been done. 

Any effort at international cooperation 
in encouraging research runs the risk of 
setting up top-heavy organization. There 
also is risk of loading the program so 
fully upon government agencies and, 
therefore, intergovernmental agreements 
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that the easy, free movement of thought 
between individual scientific workers or 
scientific societies is impeded. So far 
UNESCO seems to have avoided these 
hazards, just as it has avoided becoming 
an operating agency on arid zone re- 
search. New ideas, fresh illumination, 
perfected techniques come from men 
working alone or in small groups. At 
best, an international organization can 
make it easier for them to communicate, 
a good deal easier to find official recog- 
nition and support, and much easier to 
move their findings into the arena of 
action. 

Gitpert F. Wuire 
Department of Geography, 


University of Chicago 


New Marine Biological 
Laboratory in Brazil 


A new marine biological laboratory, 
the Laboratorio de Biologia Marinha de 
Sao Sebastiao, was inaugurated last Sep- 
tember at the beach of Segredo, 6 kilo- 
meters south of Sao Sebastiao, State of 
Sao Paulo, Brazil. The laboratory faces 
the channel between the continent and 
the mountainous island of Sao Sebastiao. 
The first main building is equipped with 
electricity, gas, and tapwater, despite 
the fact that the whole laboratory is in 
close proximity to an almost untouched 
tropical forest on a small hill nearby. 
Another building was built as living 
quarters and mess hall for guest investi- 
gators and their families. 

Segredo Beach borders a small bay 
limited at both ends by small rocky 
hills; the beach itself is covered with fine 
white sand. Being an almost untouched 
place, it still exhibits the tropical fauna 
and flora, marine as well as terrestrial, at 
their best. Its position is not far from the 
point where the island of Sao Sebastiao 
southwards comes to an end; this makes 
available for the laboratory a great va- 
riety of biotopes: the channel, the open 
sea, and rocky and sandy beaches washed 
by calm as well as rough seas. The main 
building has a short access to the sea and 
was built approximately 4 meters from 
the maximum high tide. 

The Laboratorio De Biologia Marinha 
de Sao Sebastiao can be reached easily 
by ship (two weekly trips from Santos) 
or by car or bus (two daily trips, 6 hours 
from Sao Paulo). It is operated by a 
foundation (Fundacao de Biologia Ma- 
rinha), of which the University of Sao 
Paulo and its Departamento de Fisiologia 
Geral e Animal are founding members. 
It was built partially from grants made 
available by the University of SAo Paulo, 
the National Research Council of Brazil, 
and the Rockefeller Foundation. It jis 
intended to be a place where Brazilians 
and foreigners who are interested in 


marine biology can find adequate means 
of research. Training courses for gradu- 
ate students in biological sciences will 
be part of future laboratory activities. 
For more information write Prof. Paulo 
Sawaya, Caixa Postal 2926, Sao Paulo, 
Brazil. 

Pauto Sawaya 
University of Sao Paulo 


AAAS Socio-Psychological Prize 


Through the generosity of an anony- 
mous donor, the AAAS offers an annual 
prize of $1000 for a meritorious essay in 
socio-psychological inquiry. The condi- 
tions of competition for the prize to be 
awarded at the 1956 annual meeting, 
New York, 26-31 Dec., are as foliows. 

1) The contribution should further 
the comprehension of the psychological- 
social-cultural behavior of human beings 
—the relationships of these hyphenated 
words being an essential part of the in- 
quiry. Whether the contributor considers 
himself to be an anthropologist, a psy- 
chologist, a sociologist, or a member of 
some other group is unimportant as long 
as his essay deals with basic observation 
and construction in the area variously 
known as social process, group behavior, 
or interpersonal behavior. For ease of 
reference in the rest of this statement, 
this general area will be called “social 
behavior.” 

2) The prize is offered to encourage 
studies and analyses of social behavior 
based on explicitly stated assumptions or 
postulates, which lead to testable con- 
clusions or deductions. In other words, 
it is a prize intended to encourage in 
social inquiry the development and ap- 
plication of dependable methodology 
analogous to the methods that have 
proved so fruitful in the natural sciences. 
This is not to state that the methods of 
any of the natural sciences are to be 
transferred without change to the study 
of social behavior, but rather that the 
development of a science of social be- 
havior is fostered through observation 
guided by explicit postulates, which in 
turn are firmly grounded on prior ob- 
servations. It may be taken for granted 
that such postulates will include a spa- 
tial-temporal framework for the inquiry. 
It may properly be added that the essay 
should foster liberation from _philo- 
sophic-academic conventions and from 
dogmatic boundaries between different 
disciplines. 

3) Hitherto unpublished manuscripts 
are eligible, as are manuscripts that have 
been published since 1 Jan. 1955. En- 
tries may be of any length, but each 
should present a completed analysis of a 
problem, the relevant data, and an inter- 
pretation of the data in terms of the 
postulates with which the study began. 
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Preference will be given to manuscripts 
not over 50,000 words in length. Entries 
may be submitted by the author himself 
or by another person on his behalf. Each 
entry should be accompanied by four 
copies of an abstract not to exceed 1200 
words in length. 

4) Entries will be judged by a com- 
mittee of three persons considered well 
qualified to judge material in this field. 
The judges will be selected by a manage- 
ment committee consisting of the chair- 
man and the secretarv of Section K and 
the executive officer of AAAS. The com- 
mittee of judges reserves the right to 
withhold the prize if no worthy essay is 
submitted. 

5) Entries should be sent to Dael 
Wolfie, Executive Officer, American As- 
sociation for the Advancement of Sci- 
ence, 1515 Massachusetts Avenue, NW, 
Washington 5, D.C. Entries should be 
submitted in quadruplicate. The name 
of the author should not appear any- 
where on the entry itself but should be 
enclosed on a separate sheet of paper 
which also gives the author’s address and 
the title of his essay. To be eligible for 
consideration for the prize that will be 
awarded at the 1956 annual meeting of 
the Association, entries must be received 
not later than 1 Sept. 1956. 


Mammary Carcinomas in Mice 


Alfred Taylor and Roger J. Williams 
have reported [Proc. Natl. Acad. Sci. 
U.S. 42, 54 (1956)] a method of control 
of C3H mouse mammary carcinoma 
when grown in the yolk sacs of develop- 
ing chick eggs. They pointed out that 
a specific tumor grown under these con- 
ditions would not be expected to behave 
in the same way in its normal host and 
that any success in controlling cancerous 
growth in their experiments could not 
be carried over unchanged to the control 
of cancer in man. 

In one control series of eggs inoculated 
with mouse tumors, 57 out of 58 of the 
embryos were dead by the sixteenth day 
of incubation; the one remaining alive 
bore a large tumor. In a parallel experi- 
mental series, treated as described in a 
subsequent paragraph, out of 140 simi- 
larly inoculated eggs, 86 remained alive 
on the sixteenth day. Of these, 81 con- 
tained traces of what may have been 
viable tumor tissue and five showed no 
observable tumor tissue. The effect of 
the treatment had been to reduce the 
tumor growth, which in untreated eggs 
is fairly uniform. Tumors in untreated 
developing chick egg yolk sacs grow 
rapidly; for example, they double in size 
from the eleventh to twelfth day of in- 
cubation. 

The treatment consisted in the com- 
bination of an elevated temperature of 
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incubation (40°C instead of the usual 
37.2°C), which had previously been 
found to be effective in slowing tumor 
growth, and the application of chemi- 
cals that by themselves showed some 
inhibitory effect. The chemicals used 
were aminopterin (4-aminopteroylglu- 
tamic acid) and triethylenemelamine. 
In a series in which the former com- 
pound was used, tumor growth for a 24- 
hour period at 37.2°C was 62 percent as 
great as it was in the control eggs; at 
40°C in the-same experiment, the tum- 
ors decreased in size during the test 
period. 

Triethylenemelamine was more effec- 
tive. In similar experiments, the tumors 
in treated eggs at 37.2°C averaged only 
19 percent as large as those of the con- 
trols; those at 40°C either failed to grow 
or regressed in size—G. DuS. 


News Briefs 


® The design and development by Ar- 
gonne National Laboratory of a multi- 
billion-volt particle accelerator to be 
built at its DuPage County site has been 
authorized by the U.S. Atomic Energy 
Commission. The Argonne machine, 
based on a design conceived by the labo- 
ratory’s staff of scientists, will greatly 
ease the usual problems of construction. 
It will permit the rapid attainment at 
reasonable cost of an energy greatly in 
excess of that of any machine now in 
operation. 


®The Salk vaccine is helping win the 
battle against poliomyelitis in Canada, 
reported Martin, the Minister of Na- 
tional Health and Welfare, in a reply 
tabled last month in the House of Com- 
mons. He said: 

“The use of the Salk vaccine in Can- 
ada during 1955 was the most ambitious 
mass immunization program ever under- 
taken in this country. It also provided 
an opportunity for carrying out a na- 
tionwide epidemiological study, the re- 
sults of which have demonstrated - the 
safety and effectiveness of the vaccine 
as an immunizing agent. In addition, 
the whole program offered an outstand- 
ing example of cooperation between fed- 
eral, provincial, and local health au- 
thorities and served to bring home to 
the people of Canada in dramatic fashion 


_ the value of public health activities gen- 


erally.” 


® Approval of the sale of 129 tons of 
heavy water to six nations for assistance 
in their peacetime applications of atomic 
energy has been announced by the U.S. 
Atomic Energy Commission. Sixteen 
tons of the material have been shipped 
abroad. 

The initial consignments of 11 tons to 


Great Britain and 5 to France were 
manufactured at the commission’s plant 
at Dana, Ind. Heavy water also is pro- 
duced at its facilities in South Carolina. 
All sales are at the price of $28 per 
pound announced 8 Aug. 1955. 

The total amounts (in tons) approved 
for sale are as follows: United Kingdom, 
50; France, 30; India, 21; Australia, 11; 
Italy, 10, and Switzerland, up to 7, with 
2 tons to be delivered by August 1957. 


Scientists in the News 


The Kimber Genetics medal of the 
National Academy of Sciences for 
1956 will be presented to SEWALL 
WRIGHT, professor of genetics at the 
University of Wisconsin, during the an- 
nual meeting of the academy, 23-25 Apr. 
1956. Wright has made important con- 
tributions in both theoretical and experi- 
mental genetics. 

The Kimber Genetics award of the 
academy was established in 1954 by the 
Kimber Farms Foundation to provide 
recognition of great achievement in the 
science of genetics. In selecting recipi- 
ents for the Kimber award, the academy 
has the cooperation of the American As- 
sociation for the Advancement of Sci- 
ence and the Genetics Society of Amer- 


ica. 


JOHN R. HANSBROUGH of the 
Northeastern Forest Experiment Sta- 
tion has been named chief of the Divi- 
sion of Forest Disease Research at Wash- 
ington, D.C., the U.S. Forest Service an- 
nounced. He succeeds Lee M. Hutchins, 
who retired 31 Dec. 1955. 


WILLARD F. LIBBY, Commissioner 
of the U.S. Atomic Energy Commission, 
will be presented with the medal for 
scientific achievement of the City Col- 
lege of New York Chemistry Alumni As- 
sociation on 27 April. Libby will deliver 
the association’s eighth bicentennial sci- 
ence lecture on “Peaceful uses of atomic 
energy.” 


LOUIS PILLEMER, professor of bio- 
chemistry at Western Reserve Univer- 
sity, delivered the fifth R. E. Dyer lec- 
ture at the National Institutes of Health. 
He spoke on “The properdin system.” 
Pillemer and his colleagues identified a 
new blood prote’n, properdin or “the 
destroyer,” in natural immunity that may 
prove to be important in radiation sick- 
ness, shock, and experimental infections. 


BEN PECKHAM, faculty member at 
the Northwestern University Medical 
School, will become professor and chair- 
man of the department of obstetrics and 
gynecology at the University of Wiscon- 
sin Medical School on 1 May. 


539 








VICTOR HAMBURGER, professor 
of zoology at Washington University, St. 
Louis, gave the Mellon lecture for ‘the 
Society of Biological Research. at the 
University of Pittsburgh School of Medi- 
cine on 16 March. His subject was “The 
life history of a nerve cell.” 


RALPH BOWN, a vice president of 
the Bell Telephone Laboratories, retired 
on 1 Mar. after 37 years of service. For 
the past year he has 
been vice president in 
charge of patent ac- 
tivities and of long- 
range planning of lab- 
oratories programs. 
Previously he had 
been vice president in 
charge of research. 

Bown has been honored by numerous 
professional societies and by the Govern- 
ment. In 1955 he was appointed chair- 
man of the U.S. Patent Office Advisory 
Committee. He is also chairman of a 
technical advisory committee on elec- 
tricity and electronics for the National 
Bureau of Standards, and a member of 
the Army Scientific Advisory Panel. 

Bown, who has been a pioneer in com- 
munications engineering, was awarded 
the 1926 Morris Liebmann memorial 
prize by the Institute of Radio Engineers 
for his research in wave transmission 
phenomena. He served as president of 
the IRE in 1927, and in 1949 received 
the institute’s annual medal of honor 
for his leadership in institute affairs and 
for his extensive contributions to the field 
of radio. 

Muck of Bown’s technical work has 
been concerned with various aspects of 
radio broadcasting, and overseas teleph- 
ony and microwave radio relay systems. 
He directed the New York-Boston radio 
relay project, opened for experimental 
service in November 1947, which was 
the first link in the transcontinental radio 
relay system. 

A native of Fairport, N.Y., Bown re- 
ceived the degrees of mechanical engi- 
neer, master of mechanical engineering, 
and doctor of philosophy from Cornell 
University. After serving as a captain in 
the Signal Corps during World War I, 
he began his telephone career in 1919 
with the development and research de- 
partment of the American Telephone 
and Telegraph Company. There he spe- 
cialized in various aspects of radio broad- 
casting and in ship-to-shore and overseas 
telephony. 

In 1934 he was appointed assistant di- 
rector of radio research at Bell Labora- 
tories; in 1936, director of radio and 
television research; in 1944, assistant di- 
rector of research; in 1946, director of 
research; and in 1951, vice president-re- 
search. 

During World War II Bown served 
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with the National Defense Research 
Committee, specializing in radar, and 
in 1941 he visited England to study op- 
erations under combat conditions. He 
also served as a consultant to the Secre- 
tary of War. After his retirement Bown 
will be associated with the N.W. Ayer 
and Son advertising agency as a consul- 
tant in public relations in the field of 
science. 


The recently organized Chemical 
Warfare Laboratories of the Army’s 
Chemical Corps at the Army Chemical 
Center, Md., has announced the follow- 
ing appointments: 

DONALD H. HALE has been placed 
in command of the laboratories. He re- 
ceived his doctorate in physics from the 
University of California and was for- 
merly deputy commander of the Chemi- 
cal Corps Research and Engineering 
Command. 

L. WILSON GREENE, who formerly 
was technical director of the Chemical 
and Radiological Laboratories at the 
Army Chemical Center, has been ap- 
pointed chief technical adviser to the 
Chemical Corps. 

SEYMOUR P. SILVER has been ap- 
pointed deputy for scientific activities. 
He has been associated with the Chemi- 
cal Corps since 1938, and has served as 
consultant to civilian health organiza- 
tions in air pollution problems. 

The laboratories are divided into four 
directorates. WILLIAM H. SUMMER- 
SON has been appointed director of re- 
search; ALBERT R. DREISBACH, di- 
rector of medical research; DONALD E. 
YANKA, director of development, and 
JAMES P. MITCHELL, director of 


technical services. 


LEONARD G. GINGER has been 
promoted to director of chemical re- 
search in the research and development 
division of Baxter Laboratories, Inc. 


LEONARD REIFFEL has been ap- 
pointed manager of the physics research 
department of Armour Research Foun- 
dation at I]linois Institute of Technology. 
He will direct research in acoustic de- 
sign, sound and vibration control, nu- 
clear physics, light and optics, physics 
of solids, and magnetics. 


ALFRED C. REDFIELD, senior 
oceanographer at the Woods Hole Ocea- 
nographic Institution and professor of 
physiology at Harvard University, and 
LAURENCE IRVING, biologist at the 
U.S. Public Health Service’s Arctic 
Health Center, Anchorage, Alaska, and 
professor of biology at Swarthmore Col- 
lege, Pa., were among 12 scientists who 
received the honorary degree of doctor 
of philosophy at the graduation ceremony 
of the University of Oslo, Norway. 


JACOB E. JANSEN, who has been 
with the B. F. Goodrich Company since 
1938, has been named director of organic 
chemicals research in the company’s Re- 
search Center, Brecksville, Ohio. 


U. PENTTI KOKKO has joined the 
staff of the U.S. Public Health Service’s 
Communicable Disease Center at At- 
lanta, Ga., as assistant chief of the cen- 
ter’s laboratory branch. Prior to coming 
to Atlanta, Kokko was director of the 
division of local health services of the 
Kentucky State Department of Health. 


A. J. HAAGEN-SMIT, professor of 
bio-organic chemistry at California In- 
stitute of Technology, has been ap- 
pointed to head the air pollution con- 
trol research program of Southern Cali- 
fornia Edison Company. 


Recent Deaths 


FRANCIS BLOSSOM, New York, 
N.Y.; 80; engineer; former special con 
sultant to the War Department; 12 Mar. 

ARTHUR L. DUBUSC, Elizabeth, 
N.J.; 90; pioneer submarine builder; 9 
Mar. 

PAUL J. KOLACHOYV, Bogota, Co- 
lombia; 56; chemurgy expert; director 
of Colombia’s Department of Techno- 
logical Investigation; 29 Feb. 

FRANK J. O’BRIEN, White Plains, 
N.Y.; 65; child psychiatrist; 13 Mar. 

WILLIAM ROBERTSON, Philadel- 
phia, Pa.; 85; professor emeritus at Tem- 
ple University Medical School; 9 Mar. 

OTTO ROSENDAHL, Minneapolis, 
Minn.; 80; emeritus professor of botany 
and former chairman of the department 
at the University of Minnesota; 4 Mar. 

WALDO SHUMWAY, Hoboken, 
N.J.; 64; zoologist; provost of Stevens 
Institute of Technology; 8 Mar. 

LUKAS TINBERGEN, Groningen, 
Netherlands; 39; professor on the faculty 
of sciences at the University of Gron- 
ingen; 1 Sept. 1955. 


Education 


® The fourth annual Workshop for Col- 
lege Professors will be offered at the 
University of Michigan, 25 June-13 
July. Further information may be ob- 
tained from Algo D. Henderson, Direc- 
tor, 242 U.E.S., University of Michigan, 
Ann Arbor. 


"Some 1000 Washington area scientists 
and engineers took over the classes of 
approximately 100 junior and senior 
high schools for 2 days, 15 and 16 Mar., 
leaving 400 regular teachers free to at- 
tend the convention of the National Sci- 
ence Teachers Association, and giving 
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the local scientists a chance to discuss 
their work with students. The project, 
sponsored by the Washington Academy 
of Sciences and the D.C. Council of En- 
gineering and Architectural Societies, 
was led by the Joint Board on Science 
Education for the Greater Washington 
Area. The D.C. Science Supervisors 
helped secure the substitute teachers, 
while Science Service gave the program 
financial support. 


"The nation’s network of educational 
television stations maintained by the 
Educational Television and Radio Cen- 
ter, Ann Arbor, Mich., will present this 
fall a series of ten programs featuring 
Glenn T. Seaborg of the University of 
California. The series, now being filmed 
on the California campus by the San 
Francisco station for the center, is called 
The Elements. It will explain the various 
natural and synthetic elements and show 
the importance of chemistry in the life 
of a typical American family. 


Grants, Fellowships, and Awards 


® Aided by a grant of $23,000 from the 
National Science Foundation for the 
3-year period 1956-58, the entomology 
department of the Bishop Museum, 
Honolulu, is beginning a program on the 
zoogeography of Pacific insects. Empha- 
sis at the start will be on field work in 
the assumed source areas of the oceanic 
Pacific insect fauna—the island groups 
from the New Hebrides to Southeast 
Asia, particularly New Guinea. Under 
the supervision of J. L. Gressitt, arrange- 
ments are being made for several ento- 
mologists to participate in the field work, 
and collaboration with other organiza- 
tions interested in the area is anticipated. 
It is expected that research on the col- 
lections may be carried on largely by the 
specialists collaborating with the Bishop 
Museum in the Insects of Micronesia 
series, of which nine issues have been 
published to date. 


®The Atlas Powder Company, manu- 
facturer of explosives, chemicals, and 
activated carbons, will award eight $1000 
college scholarships again this year. The 
grants wil! go to students who will be 
seniors during the 1956-57 college year 
who are majoring in chemistry or any 
branch of engineering. Thirty-eight col- 
leges and universities have been invited 
to participate in the program. Scholar- 
ships will be awarded on the basis of 
scholastic records and the recommenda- 
tions of faculty members who are ac- 
quainted with the applicants. Extracur- 
ricular activities and financial need will 
also be factors. Winners of the awards 
wil be announced 15 May. Successful 
candidates also will have a chance to 
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gain practical experience by paid sum- 
mer work with Atlas between their 
junior and senior years. However, suc- 
cessful candidates will not be obligated 
to work for Atlas either during the sum- 
mer or after graduation, nor will Atlas 
assume any commitment to employ the 
student. 


"The Foundations’ Fund for Research 
in Psychiatry, New MHaven, Conn., 
awarded 13 grants during 1954-55. Of 
these, ten grants were made in behalf of 
new research programs or of programs 
that had not previously received the 
foundation’s support. Of these ten grants, 
one was for a period of 1 year, two were 
for 2 years, and the remaining 7 were 
for 3 years. 

The total amount expended for all 13 
grants was $212,955.50, and commit- 
ments for the years 1955-56 and 1956-57 
are in the combined amount of $262,- 
513.87. 

The directors of FFRP consider that 
research in all branches of the behavioral 
and biological sciences is needed if an 
integrated scientific basis for the field of 
psychiatry is to be developed. There 
exists, however, an especially urgent need 
for investigations on the level of clinical 
psychiatry, including psychoanalysis. 
These latter fields have heretofore pro- 
vided important new ideas and have aiso 
brought to light important new phe- 
nomena, thus posing significant research 
problems. This foundation is especially 
interested in supporting research. that 
will bring scientific rigor and ingenuity 
of method to the facts and problems 
which most directly confront the psy- 
chiatrist. 


Miscellaneous 


@The manner in which the mining of 
nonferrous minerals may stimulate other 
economic activities in underdeveloped 
countries and thus contribute to their 
development is the subject of an eco- 
nomic report that has been published 
recently by the United Nations. The 129- 
page study, entitled Non-Ferrous Metals 
in Underdeveloped Countries is the lat- 
est in a series initiated by the secretary- 
general following the 1949 Scientific 
Conference on the Conservation and 
Utilization of Resources that was spon- 
sored by the U.N. 

Apart from the major nonferrous met- 
als—copper, lead, zinc, tin, and alumi- 
num—some of the minor ones that are 
used chiefly for iron and steel alloys, such 
as colombium, vanadium, molybdenum, 
tungsten, chromium, nickel, and cobalt 
are also considered. The report contains 
five maps showing the locality of mines 
and smelters of major nonferrous metals 
in underdeveloped countries. 


® A group of engineers at the Marquardt 
Aircraft Company has imaugurated an 
experimental unit of “Science scouts” in 
cooperation with the San Fernando Val- 
ley Council of the Boy Scouts of Amer- 
ica. 
The unit, known as Marquardt Sci- 
ence Scouts Post, has scheduled assign- 
ments covering the launching of a hypo- 
thetical spaceship, the use of solar and 
nuclear energy, and an examination of 
the social implications of scientific prog- 
ress. 


® The Association for Applied Solar En- 
ergy will publish the first issue of a new 
journal, The Sun at Work, in April. In- 
formation about the journal may be ob- 
tained from the Editor, Suite 204, 
Mayer-Heard Building, Phoenix, Ariz. 


"The Atomic Energy Commission has 
announced that it has adopted a policy 
of booking its traveling exhibits on peace- 
time applications of atomic energy to 
qualified exhibitors free of transportation 
costs and rental charges. The commis- 
sion for some years has maintained a 
relatively small number of atomic energy 
exhibit materials that have been made 
available to exhibitors on a daily rental 
fee basis, with each exhibitor defraying 
transportation charges as well as costs 
of presentation. Under the new policy, 
the exhibits will be available to qualified 
exhibitors free of transportation costs 
and rental charges; however all other 
expenses relative to showings will con- 
tinue to be borne by the exhibitors. 

The exhibits now in circulation are 
soon to be replaced by new units. De- 
tails regarding AEC exhibit materials 
that are available, as well as information 
on those being planned, may be obtained 
from the American Museum of Atomic 
Energy, Oak Ridge, Tenn. The new ex- 
hibits probably will be completed and 
available for showings starting about 15 
June. Requests for bookings will be ac- 
cepted by the museum on and after | 
Apr. 


® Henri Poincaré’s striking predictions of 
more than a half-century ago on the de- 
velopments in physics are available for 
comparison with what has actually hap- 
pened in “Principles of mathematical 
physics,” which appears in the April 
issue of The Scientific Monthly. Other 
articles included are “Role of science in 
marine fisheries: limitations and poten- 
tialities,” R. E. Coker; “Atmospheric 
pollution and zoning in an urban area,” 
Francois N. Frenkiel; and “Radar echoes 
from birds and insects,” Lewis L. Bon- 
ham and Lamont V. Blake. Readers’ 
comments on the Julian Day calendar, 
“Form and symmetry in organisms,” and 
crop yield data are given in the “Letters” 
section. Twelve books are reviewed. 
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Reports and Letters 


Correlation of Major Vegetation 
Climaxes with Soil Characteristics 
in the Sonoran Desert 


Soil characteristics determined from 
samples taken over a 14-mile transect 
of desert vegetation in southern Ari- 
zona have yielded highly significant dif- 
ferences associated with two distinctly 
different climax vegetation types. The 
transect is in the Basin and Range Physi- 
ographic Province of the inland South- 
west and is over alluvial land, a soil tax- 
onomic unit that in this case refers to the 
unconsolidated alluvium of a desert cli- 
mate. This type of alluvium, known as 
fanglomerate, characterizes most of the 
soils of the Sonoran Desert. 

The transect is located on the western 
slope of the Tucson Mountains, a low 
desert range west of Tucson, and the ad- 
jacent Avra Valley, from approximately 
3400- to 2000-feet elevation. The soil 
samples analyzed were taken to a depth 
of 3 feet from 16 soil-sample stations 
along the transect. Since this type of 
desert alluvium is generally deep and 
shows little or no profile development, 
samples were arbitrarily drawn at 6-inch 
intervals to indicate any specific soil 
property to a much greater depth than 
3 feet. 

The lighter and more rocky soil of the 
higher slopes supports the relatively 
complex Paloverde-Sahuaro (Cercidium- 
Cereus, 1) vegetation type, whereas the 
finer soil of the lower slopes and valley 
supports the relatively simple Creosote- 
bush-Bur Sage (Larrea-Franseria, 1) as- 
sociation. These are the two major cli- 
max vegetation types of the Sonoran 


Desert in Arizona, the Paloverde-Sa- 
huaro association constituting a distinct 
tree climax and the Creosotebush-Bur 
Sage association forming a characteristic 
shrub climax. The same macroclimate 
exists for both climax vegetation types. 

A broad ecotone extends along the 
lower western slope of the Tucson Moun- 
tains and the adjacent Avra Valley, vary- 
ing locally in elevation from approxi- 
mately 2800 to 2200 feet. The difference 
in slope of less than 4 degrees between 
the upper portion of the transect and its 
lower end is insufficient, as is the eleva- 
tional difference, to constitute a causal 
factor in the given vegetational differ- 
ence. 

Standard determinations were made 
for soil texture (mechanical analysis), 
moisture equivalent, moisture content, 
capillary rise, dispersion rate, and salin- 
ity. Wilting coefficients were determined 
by the indirect method of Briggs and 
Shantz (2), inasmuch as the soil samples 
are variants within a closely related soil 
group. Results are given in Table 1 for 
moisture equivalent, wilting coefficient, 
and moisture content. It is observed that 
highly significant differences obtain for 
soil characteristics associated with the 
two different major vegetation types. 

The differences between these soils in 
pertinent physical and physiological 
characteristics, such as moisture equiva- 
lent and wilting coefficient, are attrib- 
utable to the significant difference in the 
texture of these soils. Available soil mois- 
ture during the critical dry seasons de- 
termines the occurrence of one vegeta- 
tion type over the other. This is best ex- 
pressed by the wilting coefficient. The 


Table 1. Statistical comparison of soil characteristics of the two major climax vegetation 


types of the Sonoran Desert in Arizona. 








Soil characteristic N Satan Comma t P 
ranseria Cereus 

Moisture equivalent (% ) 24 12.2+061 24 66+014 89 <.001 
Wilting coefficient (% ) 24 6.6+0.33 24 362008 88 <.001 
Moisture content* (% ) 

Wet (approx. field capacity), 

summer rainfall season, July 12 912030° 12 552636 73 <i 

Dry, postsummer rainfall 

season, December 12 3.4+0.41 12 1.4+0.009 46 <.001 








* Moisture content here refers to the amount of water present in a given soil at a given time determined on 
the basis of a percentage of the oven-dry weight of a given sample at 105°C. For valid comparative purposes, 
samples were taken simultaneously at different soil stations. 
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less colloidal, more sandy, and more 
rocky soil supporting the Cercidium- 
Cereus association has a wilting coeffi- 
cient of approximately one-half that of 
the finer soil of the Larrea-Franseria 
association, whereas the values in mois- 
ture equivalent and moisture content for 
the latter are twice those of the former. 
This means that with a value of 50 per- 
cent less total soil moisture, twice the 
amount of soil moisture is available for 
plant use in the Paloverde-Sahuaro as- 
sociation than is available in the Creo- 
sotebush-Bur Sage association. Interme- 
diate values in these and other soil prop- 
erties obtain for the broad area of 
ecotone where one distinct vegetation 
type first merges and then gives way to 
the other. 

In summary, from analysis of perti- 
nent soil characteristics and their corre- 
lation with climax vegetation types of 
the Sonoran Desert, it is concluded that 
here specifically different soil attributes 
characterize, and are intimately associ- 
ated with, distinctly different and major 
climax vegetation types existing under 
the same macroclimate. 

Tren We! Yanc 
Cuares H. Lowe, Jr. 
Department of Botany and Department 
of Zoology, University of Arizona, 
Tucson 
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Detection of Sex of Fetuses by the 
Incidence of Sex Chromatin Body in 
Nuclei of Cells in Amniotic Fluid 


Identification of genetic sex on the 
basis of the incidence of the sex chro- 
matin body observed in the nuclei of oral 
mucosa smears has recently been de- 
scribed (1). The technical concept ap- 
pears to be directly applicable to the 
cellular debris in amniotic fluid. Since 
all such cells are of fetal origin, and 
since the sex chromatin body incidence 
is independent of the hormonal milieu 
(1, 2), it should be possible, therefore, 
to establish the genetic sex of the fetus 
in utero by this method. This has been 
done. 

Amniotic fluid has been obtained from 
pregnant women by direct aspiration of 
the amniotic sac with a needle and syr- 
inge. This fluid is centrifuged, and the 
sediment is spread on a slide treated with 
egg albumen. The slide is immersed at 
once in equal parts of 95-percent ethyl 
alcohol and ethyl ether for 2 to 24 hours. 

The fixed smears are passed through 
70-percent and 50-percent ethyl alcohol 
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and distilled water for 5 minutes each. 
They are then stained for 8 minutes in 
l-percent cresyl echt violet (3) (British 
Drug House) and are differentiated in 
95-percent ethyl alcohol for 3 to 5 sec- 
onds. The stained smears are rinsed in 
absolute ethyl alcohol until nuclear de- 
tail is clear on examination under the 
high dry objective of the microscope. 
They are then mounted in Permount. 

The mounted smears are studied under 
the oil-immersion objective of the micro- 
scope. The sex of the newborn infant has 
been established on the basis of external 
physical examination. 

Many of the nuclei in amniotic fluid 
debris are not suitable for identification 
of the sex chromatin body. Some are 
markedly pyknotic, while other take the 
stain poorly or are badly fragmented. 
White blood cells may also appear in the 
fluid obtained from patients in labor. 

The incidences stated in Table 1 are 
based only on examination of 
stained healthy nuclei that are assumed 
to be desquamated from the amnion, 
skin, or mucosae of the fetus. Such a 
nucleus with a sex chromatin 
shown in Fig. 1. 

Observer 1 counted 100 nuclei in each 
instance. Observer 2, who studied some 
of the smears counted by observer 1, 
counted 50 nuclei. Neither observer 
knew the sex of the infant or the other 
observer’s results at the time the count- 
ing was done. 

It will be noted that there is no over- 
lap between the maximum counts on 
male fetuses and the minimum on fe- 
males. The means are separated by a gap 
4 to 5 times the mean for maie fetuses; 
and the extremes, by a gap 2 to 3 times 
the male fetus mean. Since there are no 
erroneous identifications of anatomic sex 
in the group, these observations are over- 
whelmingly significant. 

The amniotic fluid was obtained at or 
near full term, with the exception of one 
instance of fetal death in utero of un- 
known etiology at 32 weeks. The inci- 
dence of nuclear pyknosis was increased 
in this case, but a sufficient number of 
satisfactorily stained nuclei were found 
nevertheless. 

One smear not included in Table 1 re- 
quires comment. It was prepared from 
amniotic fluid obtained at cesarean sec- 


well- 


body is 


tion in a patient who was fully dilated . 





Fig. 1. Nucleus of a cell in a stained smear 
of amniotic fluid debris (x 3300). The ar- 
row points to the sex chromatin body along 
the nuclear membrane. 
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Observer I 


Table 1. Incidence of sex chromatin body in amniotic fluid cell nuclei 








Observer 2 
Range Mean Range Mean 
No. (%) (%) No % ) %) 
Males 14 6-17 10 6 6-22 13 
Females 16 49-71 59 6 42-70 54 
with ruptured membranes and a fecal fis- fetuses is several times that found in 


tula in the vaginal vault. The fluid was 
grossly contaminated with maternal 
feces. The smear includes many poly- 
morphonuclear leukocytes and unstained 
digested vegetable matter. It was origi- 
nally counted by observer 1 as having 
54 percent of nuclei with the sex chroma- 
tin body and later by observer 2 as 22 
percent. A third observer found a count 
of 20 percent. The fetus was a male. 
The count by observer 1 was made at 
2 A.M. 

Decisions on which nucleus to count 
and which to ignore in these amniotic 
fluid smears will vary from time to time, 
from observer to observer, and will de- 
pend in part on the quality of the stained 
smear and the density of the cell popu- 
lations. In the present study, frequent 
consultation between observers on the 
appearance of individual nuclei served 
to limit the range of these variables, but 
the operation of chance produced some 
variation between two counts on the 
same smear (4). It is, therefore, not to 
be expected that repetition of these ob- 
servations by others will produce results 
of an identical order of magnitude. The 
counts obtained on oral mucosa by Mar- 
berger et al. have lower means but the 
same wide separation between the means 
without overlap (1). The likelihood of 
finding a count on a genetic male that 
even approaches the lowest count on a 
genetic female is virtually nil by either 
method, provided that the absolute size 
of the counts is determined by conditions 
held constant for any group of counts 
made. 

That the smears must be obtained and 
read for this purpose under ideal condi- 
tions is emphasized by the exceptional 
case cited in a foregoing paragraph. The 
unusual amount of debris of maternal 
origin in this amniotic fluid with a fecal 
fistula and late labor with ruptured 
membranes resulted in a smear that was 
misread by a fatigued observer. 

It has been assumed that the infants 


identified as female after birth do not in- 


clude any instances of gonadal agenesis 
who might be genetic males. 

The techniques of exfoliative cytology 
have been applied to the determination 
of genetic sex of the fetus in utero by the 
incidence of the sex chromatin body in 
the cellular debris of amniotic fluid. 

The mean incidence of this body in 
the nuclei found in the fluid of female 


male fetuses, and the minimum inci- 
dence in females in this series is approxi- 
mately twice the maximum incidence 
among male fetuses. There are no er- 
roneous determinations. This 
highly significant. 


result is 


E. L. Makowski 
K. A. Prem 
I. H. Kaiser 
Department of Obstetrics and 
Gynecology, University of 
Minnesota Medical School, 
Minneapolis 
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Reagent for Differentiation 
of 1,4- and 1,6- 
Linked Glucosaccharides 


Buchan and Savage have employed a 
mixture of aniline, diphenylamine, and 
phosphoric acid as a spray reagent for the 
detection and estimation of sugars on 
paper chromatograms (/). In applying 
this reagent to characterize the end prod- 
ucts of enzymic degradation of starchlike 
substrates, we have observed variations 
in the color of oligosaccharide spots on 
paper chromatograms. Further investiga- 
tion with known 1,4- and 1,6-linked glu- 
cosaccharides (2) revealed that these 
differences correlated to a certain extent 
with variations in the structure of these 
compounds, 

Those saccharides in which the car- 
bon-4 hydroxyl proximal to the reducing 
end of the molecule was combined in glu- 
cosyl linkage yielded blue to purple col- 
ors, whereas those saccharides in which 
this hydroxyl was uncombined yielded 
slate, green, or yellow spots, depending 
on the concentration of the substance per 
unit area of the paper chromatogram 
(Table 1). Aso and Yamauchi (3) have 
recently observed independently that the 
color of the reaction products of other 
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Table 1. Color and spectral characteristics of amine-sugar reaction product. The absorption peak for maltose 
in the a region was taken as unity. (X), (S), and (I) refer to the maximum, shoulder, and minimum, 
respectively, in the indicated spectral region; (A) indicates absence of characteristic. 








Relative molar absorbency in 





Saccharid Color spectral regions Ratio 
Saccharide a/é 
Concd. Dilute a B ¥ 0 
Maltose 1,4- Blue Purple 1.00(X) 0.75(S) 0.62(X) 0.51(I) 2.0 
Maltotriose 1,4- + 1,4- Purple Purple 0.74(X) 0.63(S) 0.29(A)  0.27(T) 2.8 
Panose 1,6- + 1,4- Blue-black Purple-brown 1.11(X) 0.90(X) 0.63(S) 0.52(1) 2.1 
Isomaltose 1,6- Slate Green 0.48(X) 0.41(X%) 0.37(1) 0.83(A) 1.2 
Isomaltotriose 1,6- + 1,6- Slate-brown Green 0.46(X) 0.44(X) 0.37(1) 0.39(A) 1.3 
Glucose Slate Green-brown 0.50(X%) 0.49(S) 1.1 


aniline sprays with a series of glucobioses 
was characteristic of the linkages be- 
tween the bioses but independent of 
their anomeric configurations. 

These qualitative observations also 
confirm and extend the findings of Giri 
et al. (4), who noted similar colors for 
glucose, maltose, and isomaltose with the 
Buchan-Savage mixture as a brush re- 
agent. 

In addition to the compounds listed 
in Table 1, confirmatory evidence for 
this color distinction was obtained from 
the reaction on paper chromatograms of 
a mixture of oligosaccharides of the 
maltose series and a corresponding mix- 
ture of the isomaltose series from bioses 
to octaoses. 

Figure 1 illustrates some typical spec- 
tra obtained by placing a slip of reagent- 
treated paper containing the sugar spots 
in the path of light from a Beckman 
D.U. spectrophotometer. A summary of 









Moltotriose 





Absorbency 


isomoitose 





Wavelength (mz) 


Fig. 1. Spectra (Beckmann D.U. spec- 
trophotometer) of spots after reaction of 
saccharides on paper with diphenylamine- 
aniline-phosphoric acid reagent (/). 
Strips of paper 1 cm wide containing 150 
ug of saccharide (spot 1 cm in diameter) 
placed in 1 cm optical cells with 0.9 cm 
cell spacer and held flat against optical 
wall of cell with proper insert. Blank 
cell contained paper strip cut from region 
adjacent to color spot. Broken lines rep- 
resent isomaltose and isomaltotriose. 
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0.53(X) 0.49(S) 


shown in 
Table 1 shows the presence of four spec- 
tral regions. All compounds _ tested 
showed an absorption peak in the a (610 
to 640 mu) and 6 (520 to 540 mpm) 
regions, except for the presence of a 
shoulder for maltose in the 6 region. The 
relative molar absorbencies of the malt- 
ose series and of panose were consider- 
ably higher in these regions than the cor- 
responding absorbencies of glucose and 
the isomaltose series, whereas this differ- 
ence was much less in the blue end of 
the spectrum. 

The presence of a minimum in the y 
region (460 mu) seemed to be charac- 
teristic of the isomaltose series, whereas 
only the substances containing an a, 1,4- 
linkage exhibited a minimum in the 8 
region (440 mp). These characteristics 
are sharply different from those of the 
reaction product of diphenylamine and 
desoxyribose, which absorbs only at 380 
mp (5). Little or no differentiation in 
color could be obtained when the sac- 
charides were allowed to react with the 
reagent in strong HCl solution. Two ab- 
sorption maxima were observed, one at 
510 mp and the other at 620 mp. Nor 
could large differences in color be found 
in the solutions obtained by extracting 
the spots from the paper with acetone. In 
the latter case, a yellow-orange residue 
remained on the papers from the spots 
of the isomaltose series, whereas no resi- 
due remained from the spots of the malt- 
ose series. 


the spectral characteristics 


These observations suggest a compe- 
tition between two reaction series, one 
leading to the formation of a blue prod- 
uct, the appearance of which does not 
depend on the presence of a free hydroxyl 
at the C-4 position of the reducing glu- 
cose, the other involving a less specific 
“browning” reaction that requires the 
presence of free C-4 hydroxyl. In this 
connection, Hodge has proposed that the 
nonenzymatic browning reaction of 
amines with reducing sugar goes through 
a dehydration reaction involving the C-4 
hydroxyl (6). 

This reagent has proved useful for dis- 
tinguishing panose from isomaltose on 
chromatograms irrigated with the solvent 
mixture of Gjeisten (7). We have also 
found that the oligosaccharide spots ob- 
tained with this reagent are readily 


amenable to direct reflectance measure- 
ments on the developed chromatogram 
so that a fairly precise quantitative esti- 
mation of the oligosaccharide can be ob- 
tained. Finally, it is suggested that the 
spectrophotometric results and interpre- 
tations presented herein may be of value 
in interpreting color differences obtained 
with other carbohydrate series and other 
developing agents, 

SicMUND SCHWIMMER 

ARTHUR BEVENUE 

Western Utilization Research Branch, 
Agricultural Research Service, 
U.S. Department of Agriculture 
Albany, California 
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On the Rule for Leap Year 


George W. Walker has suggested two 
changes [Science 123, 25 (6 Jan. 1956) ] 
in our present rule for leap year: first, 
that leap years be skipped from now until 
the year 2000 to bring the solstice to ap- 
proximately | Jan.; and second, that our 
rule for insertion of leap year be changed. 
The first’proposal is of academic interest 
only, since there is no chance of calendar 
reform by 1960, the first year in which 
he proposes that the leap year be 
dropped; but it is ingenious. 

Walker’s proposed revision of the rule 
for insertion of leap years is based on the 
assumption that the present rate of de- 
crease in the length of the tropical year, 
or year of seasons, about half a second 
per century, will continue indefinitely. 
This, however, is not correct. In the 
course of time, the length of the year will 
be increasing. Astronomers working on 
the length of the year remind us that 
reasonably accurate observations are 
available for only about 150 years; that 
their work is complicated by irregulari- 
ties in the length of day, some of which 
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are unexplained as yet; and that the 
error in the present Gregorian rule 
should amount to a day only after some 
3000 years. They suggest that by that 
time the length of the year, and changes 
in it, should be known much more ac- 
curately than at present. Hence, they 
have recommended leaving revision of 
the Gregorian rule to future generations. 
The Gregorian rule for leap year is 
“Years divisible by 4 are to be leap years 
unless they are also divisible by 100, in 
which case they are to be leap years only 
if divisible by 400.” This rule obviously 
expresses the length of the year in days as 
365 + Y%4 -— 1/100 + 1/400 
or in decimals as 
365 + 0.25 — 0.01 + 0.0025 


Combining, we obtain 365.2425 as the 
length of the Gregorian year. 

The true length of the tropical year is 
365.24220. Comparing with the Gre- 
gorian year, we see that the Gregorian 
rule is in error by 0.0003 day per year, 
or 3 days in 10,000 years. 

Walker proposes the rule “Years di- 
visible by 4 are to be leap years unless 
they are also divisible by 120, in which 
case they are to be common years.” This 
expresses the length of the year in days as 

365 + % - 1/120 
or in decimals 


365 + 0.25 — 0.00833 ... 


Combining, we obtain 365.24166 ... as 
the length by the proposed rule. Com- 
paring this length, 365.24166 .. . , with 
the adopted length 365.24220, we see 
that it is too short by more than 5 days in 
10,000 years. 

Since both the Gregorian rule and the 
proposed rule start with “Years divisible 
by 4 are to be leap years . . .” one apply- 
ing either rule starts with a mental divi- 
sion of the last two figures of the year 
number, to see whether it is divisible by 
4. For the next step, almost any high- 
school student who has read the Gre- 
gorian rule recently should be able to 
figure mentally that the century years 
1800, 1900, and 2100 are not divisible by 
100 and, hence, are leap years; but 2000 
is divisible by 400 and, hence, is not a 
leap year. The Gregorian rule can be ap- 
plied mentally, but how many high- 
school students would be able to figure 


without pencil and paper which years 


between 1900 and 2100 are divisible by 
120 and, hence, would not be leap years 
by the proposed rule? 

There have been many proposals for 
correcting the Gregorian rule, but the 
only one usually mentioned in textbooks 
on astronomy was proposed several gen- 
erations ago. It is that “but years divisible 
by 4000 shall not be leap years” be added 
to the Gregorian rule. This would make 
the length of the calendar year 365.24225 
days and, on the assumption that the 
present figure for mean length of the 
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year of seasons is correct, reduce the 
error to half a day in 10,000 years. This 
rule also continues the use of the divi- 
sion by 4, and has no effect on the pres- 
ent rule before the year 4000. 

It has been suggested also that, if it 
develops that our present figure for the 
mean length of the year is appreciably 
too large, “but years divisible by 2000 
shall not be leap years” be added to the 
Gregorian rule. This should be applied 
first in the year 2000; with our present 
marvelously accurate crystal clocks, as- 
tronomers may well know before the year 
2000 whether this addition would im- 
prove the rule. 

C. C. Wy uit 
Professor Emeritus of Astronomy, 
State University of Iowa; 
1127 South Weaver, Springfield, 
Missouri 
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Determination of Phosphocreatine 
and Other Phosphorylated 
Intermediates with Dowex-1 Resin 


The analysis of phosphocreatine (PCr) 
in animal tissues has long been beset 
with certain difficulties. Interfering la- 
bile substances such as phosphopyruvate 
and triose phosphates are usually present 
in various amounts. In addition, the 
problem of isolating phosphocreatine 
chemically for radioactive studies is par- 
ticularly acute since the laborious tech- 
nique of removing orthophosphate (P) 
by magnesium precipitation (/) results 


PCr 

















in a loss of PCr and other compounds. 
Paper chromatography (2) has been 
used, but resolution is poor and spon- 
taneous hydrolysis is a problem. The 
present report describes the use of the 
anion exchange resin Dowex-1 in the 
quantitative separation of PCr. Dowex-! 
resins have been extensively applied to 
the analysis of nucleotides (3,4), but 
little attention has been given PCr and 
other phosphorylated intermediates. 

After the discovery that hydrolysis of 
labile phosphates occurred more readily 
with finer mesh resins (200 to 400 mesh), 
a porosity of 100 to 200 mesh Dowex-1 
X8 resin was employed and the elution 
was performed at 0°C. The resin, which 
was stored in concentrated formic acid, 
was washed in 6 by 0.7-cm columns with 
10 volumes of concentrated formic acid 
plus 1M ammonium formate if other 
intermediates were to be separated) and 
then with distilled water until the efflu- 
ent was neutral. After the neutralized 
extract was run through, the column was 
washed with 10 ml of water. Elution of 
the phosphorylated intermediates was 
begun with 0.05N formic acid, and the 
collection rate was 5 ml/10 minutes per 
tube, using the automatic fraction col- 
lector. 

A typical separation of some interme- 
diates is presented in Fig. 1. With the 
exception of hexose phosphates, most of 
the other substances are clearly separ- 
able. There is a tendency for most hexose 
phosphates as well as phosphoglyceric 
acid to be eluted simultaneously. At 
present, some success in separation has 
been achieved by combining silicic acid 
with Dowex-1. When only PCr was to be 
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Fig. 1. Separation of some phosphorylated intermediates by ion-exchange chromatog- 
raphy. DPN, diphosphopyridine nucleotide; AA, adenylic acid; PP, inorganic pyrophos- 
phate ; PCr, phosphocreatine ; P, orthophosphate ; G-6-P, glucose-6-phosphate ; FDP, fruc- 
tose-1,6-phosphate; ADP, adenosinediphosphate; ATP, adenosinetriphosphate. Further 
details of the method are described elsewhere (5). 
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Table 1. Phosphocreatine of mouse tissues 
as determined by chemical and chromato- 
graphic methods. Mice were thrown into 
a dry ice-acetone mixture and tissues were 
removed in frozen state with chisel and 
hammer. Values. are expressed in micro- 
moles per gram of wet tissue and are an 
average of four determinations varying 
within 8 percent. 





Method 


Chro- 
Tissue Chemi- Chro- mato- 
mato- graphic 
cal ' 
graphic (un- 
frozen 
Skeletal 
muscle 6.48 S$.25 3.15 
Brain 3.05 4.25 3.00 
Kidney 3.80 3.67 3.15 
Liver 2.75 1.96 2.00 





analyzed, the column was washed with 
25 ml of 0.05N, followed by 25 ml of 
0.15N formic acid before elution of the 
PCr with 0.5N formic acid. Presumably 
no other known phosphorylated inter- 
mediates are eluted with 0.5N formic 
acid. Inorganic pyrophosphate (PP), 
which is usually removed with 0.15N 
formic acid, if present, could be removed 
by collecting an additional 10 to 20 ml 
with 0.15N acid. 

A number of tissues have been ana- 
lyzed for PCr by both the chemical and 
chromatographic technique (Table 1). 
In general, the agreement between both 
methods is good, although the values are 
usually higher with the latter method. 
Tissues removed without rapid freezing 
of the whole animal had somewhat 
lower values for PCr, with the exception 
of liver. The reason for preference of 
the chromatographic over the chemical 
technique in the separation of PCr in 
isotopic experiments is clearly indicated 
in Table 2. The variation in specific ac- 
tivity among two determinations was 
considerably more than 100 percent in 
all instances with the chemical method 


Table 2. Comparison of specific activity of 
PCr of mouse tissues determined chro- 
matographically and chemically. Mice 
were injected intraperitoneally with 100 
ue of P* (orthophosphate) and sacrificed 
30 minutes later. Each value is an average 
of two determinations in two separate ex- 
periments. 


Specific activity 
(counts/min umole P 








Tissue ae iy 
Chromato- 
graphic Chemical 

Kidney 9,700, 8,500 15,000, 6,000 


Brain 705, 950 200, 
Liver 9,650, 18,000 
Muscle 1,680, 2,050 


1,500 
4,500, 12,000 
1,500, 3,800 
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and less than 25 percent with the chro- 
matographic method, with the exception 
of liver. Preliminary studies reveal that 
the phosphocreatine of liver varies con- 
siderably, depending on the nutritional 
state of the animal. 

The present chromatographic method 
has been successfully used in the separa- 
tion of PCr and other phosphorylated 
intermediates in phosphorylation studies 
with isolated frog nerve (5) and mouse 
brain in vivo (6). In addition to being 
quantitative, the method is rapid and 
simple, especially, when merely P and 
PCr are to be analyzed. A manifold with 
as many as six outlets has been success- 
fully used to operate an equal number of 
columns from a common reservoir, either 
by hand or with an automatic fraction 
collector (7) 

L. G. Asoop 
Division of Psychiatry, Neuropsychiatric 
Institute, University of Illinois 
College of Medicine, Chicago 
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Biological Effect of Hydroxylysine 


Although it is well-established that hy- 
droxylysine (2,6-diamino-5-hydroxyhex- 
anoic acid) occurs regularly in collagens 
of terrestrial and marine animals and the 
gelatins derived from these, little is 
known of its biological significance. De- 
spite its obvious structural similarity to 
lysine, there is no evidence in the re- 
ported results of in vivo studies that 
the hydroxylated compound is in any 
way related metabolically to this more 
widely distributed amino acid. Thus, 
Lindstedt (/) reported that dietary sup- 
plements of synthetic hydroxylysine were 
ineffective in promoting growth of lysine- 
deficient rats. Bergstrom and Lindstedt 
(2) found that hydroxylysine was unable 
to replace lysine for growth of Leucono- 
stoc mesenteroides P-60. 

The results of our own studies con- 
cerning the ability of hydroxylysine to 
support growth of the lysine-requiring 
bacteria Streptococcus faecalis (A.T.C.C. 
No. 9790) and Leuconostoc mesente- 
roides P-60 (A.T.C.C. No. 8042) are 
in general agreement with those of the 
afore-mentioned workers in that the ad- 
dition of hydroxylysine to a lysine-free 
medium failed to allow growth of either 


of these organisms. However, while hy- 
droxylysine was unable to support growth 
in the complete absence of lysine, it ap- 
peared to have considerable ability to 
lower the lysine requirements of these 
bacteria. Some typical results illustrating 
this effect are given here. 

The composition of the lysine-free 
basal medium and the techniques for 
measurement of growth responses of the 
organisms to increments of lysine were 
the same as those described by Hender- 
son and Snell (3). The t-lysine HCl 
and racemic hydroxylysine HCl used in 
this work were synthetic products (4). 
Hamilton and Anderson reported (5) 
that racemic hydroxylysine from the 
same source contained approximately 40 
percent hydroxy-pt-lysine and 60 per- 
cent allohydroxy-pr-lysine. The results 
in Fig. 1 show the effects of additions 
of 2, 20, and 1000 pg of racemic hy- 
droxylysine per milliliter of double- 
strength basal medium on the responses 
of Streptococcus faecalis to increments 
of lysine. 

It is evident that the presence of only 
2 wg of the racemic hydroxy compound 
(supplying only about 0.4 wg of the natu- 
ral isomer) per tube gives an apparent 
reduction of more than 20 ng in the 
amount of L-lysine required for half- 
maximum growth of the organism. This 
suggests that hydroxylysine has some 
effect other than, or in addition to, that 
of serving as a nutrient that can, under 
conditions of suboptimal lysine supply, 
be converted into lysine or be exchanged 
for lysine in protein synthesis. 

Somewhat similar effects of hydroxy- 
lysine addition to the basal medium on 
the apparent lysine requirement of Leu- 
conostoc mesenteroides P-60 were ob- 
served, using the method of testing de- 
scribed in a previous paragraph. How- 
ever, with this organism, the relationship 
between apparent lysine requirement 
and hydroxylysine concentration is more 
complex. Although small amounts of 
hydroxylysine allow maximum growth of 
the organism at reduced levels of lysine, 
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40 
Lelysine per tube (pe) 
Fig. 1. Effect of addition of racemic hy- 
droxylysine to the basal medium on the 
response of Streptococcus faecalis to in- 
crements of L-lysine. 
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high levels of the hydroxy compound (1 
or 2 mg per tube) show a marked 
growth-depressing effect. This growth 
depression by high. levels of hydroxyly- 
sine is eliminated by addition of larger 
amounts of L-lysine. 

Both Leuconostoc mesenteroides P-60 
and Streptococcus faecalis are commonly 
used for microbiological assay of lysine 
in hydrolyzates of foods and tissues and 
each of these organisms has been ac- 
cepted, on the basis of earlier work (6, 
7), as having a highly specific require- 
ment for lysine. However, in view of the 
results reported here, it seems likely that 
the presence of hydroxylysine in sample 
hydrolyzates could interfere with the 
quantitave microbiological determina- 
tion of lysine when these organisms are 
used with basal: media that contain no 
hydroxylysine. 

C. S. Perers—en 
R. W. Carrot. 
Research Laboratories, 
Quaker Oats Company, Chicago, Illinois 
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What Are Variables and Constants? 


The notion variable has not in the 
literature attained the degree of clarity 
that would justify the almost universal 
use of that term without explanations. 
Recent investigations (]) have resolved 
it into an extensive spectrum of mean- 
ings, some pertaining to reality as inves- 
tigated in science, others belonging to 
the realm of symbols studied in logic— 
two altogether different worlds. As a 
corollary, these distinctions yield a clari- 
fication of the notion constant. 

Science and applied mathematics. By 
quantity we mean a pair of which the 
second member (or value) is a number 
while the first member (or object) may 
be anything. We call a class of quanti- 
ties consistent if it does not contain two 
quantities with equal objects and un- 
equal values. If p(y) denotes the pres- 
sure (in a chosen unit) of a gas sample 
y (2), then the pair [y, p (y)] is a quan- 
tity, and the class of all such pairs for any 
y is consistent. This class reflects the phy- 
sicist’s idea of gas pressure, p. Gas vol- 
ume, v, and temperature, t, can be de- 
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fined similarly. Consistent classes of 
quantities, such as p, v, and t, are what 
scientists and mathematicians in applied 
fields mean by variable quantities and 
what Newton called fluents. The class of 
all gas samples will be referred to as the 
domain of p; the class of all numbers 
p(y) as the range of p. 

A variable quantity whose range con- 
sists of a single number is said to be con- 
stant. An example is the gravitational 
acceleration g at a definite point on the 
earth, defined as the class of all pairs 
{a, g (a)] for any object a falling in a 
vacuum, where g(a) denotes the accel- 
eration of a. For any a, this value of g 
is found to be equal to one and the same 
number, g. (Throughout this paper, sym- 
bols for fluents are italicized and symbols 
for numbers are printed in roman type.) 
A less important, because less compre- 
hensive, example is the distance traveled 
by a specific car C while C is parked. 
(The distance traveled by C is the class 
of all pairs [u, m(m)] for any act p of 
reading. the mileage gage in C, where 
m(u) is the number read as the result 
of pm. 

In a plane, the coordinates relative to 
a chosen Cartesian frame are variable 
quantities whose domain is the class of 
all points (3). The abscissa x is the class 
of all pairs [x, x()] for any point x. In 
the equation of the straight line x — y = 3 
the 3 denotes the constant fluent consist- 
ing of the quantities (x, 3) of value 3 for 
each point 2. 

Of paramount importance are the con- 
sistent classes of quantities whose do- 
mains consist of numbers. An example 
is the class of all pairs [x, log x] for any 
number x > 0, called the logarithmic 
function or the function Jog. It is capable 
of connecting consistent classes of quan- 
tities—for example, y=log x along a 
logarithmic curve, and w=log v for an 
isothermic expansion of an ideal gas, if w 
denotes the work in a proper unit. That 
is to say, y(x)=log x(x) and w(y) = 
log v(y) for any point x on the curve 
and any gas sample y pertaining to the 
process. Moreover, Jog connects func- 
tions—for example, the exponential with 
the identity function, and cos with log 
cos. Because of their connective power, 
functions are omnipresent in science as 
well as in mathematics (4). Variable 
quantities such as and v (whose do- 
mains do not contain numbers or systems 
of numbers) lack this power and there- 
fore are confined to special branches of 
science such as gas theory. Denying the 
significance of this difference would be 
denying the role of mathematics as a uni- 
versal tool in quantitative science. 

Logic and pure mathematics. The 
formula 


3*-1=(3+1)- (3-1) 


is a statement about specific numbers 


designated by 3 and |. In the more gen- 
eral statement 


x°~ 1=(x+1)- (x-1) for any number x, 
the remark “for any number x” stipu- 
lates that, in the formula, x may be re- 
placed by the designation of any num- 
ber, for example, by 3 or 1/5, each re- 
placement yielding a valid statement 
about specific numbers. A symbol that, 
in a certain context and according to a 
definite stipulation, may be replaced by 
the designation of any element of a cer- 
tain class is what, following Weierstrass, 
logicians and pure mathematicians call 
a variable. The said class is called the 
scope of the variable. The scope of x in 
the formula log x*=2 log x for any 
x > 0 is the class of all positive numbers. 
In (+ \V3)*=9, the symbol + V3 is a 
variable whose scope consists of the two 
numbers \/3 and — V3. 

A variable whose scope consists of a 
single number designates that number 
and, in pure mathematics, is referred to 
as a constant. Examples include numer- 
als (1, 3, .. .); e, designating the base 
of natural logarithms; and brief designa- 
tions of numbers with unwieldy symbols, 
such as 2V*+ee*—abbreviations intro- 
duced for the purpose of just one dis- 
cussion involving repeated references to 
that number. As such ad hoc constants, 
one customarily uses the letters a, b, c, 

. » Which, just as x and y, serve as 
variables in other contexts, for example, 
in the statement involving two variables 


x*-a*= (x+a)- (x-a) 

for any x and any a. 
Because of its vicarious character, a vari- 
able may always be replaced, without 
any change of the meaning, by any other- 
wise unused letter, for instance, a by y 
or x by b. 

Variables whose scopes are classes of 
numbers are called numerical variables. 
The definitions of p and g make use of 
variables y and a whose scopes consist 
of gas samples and falling objects, re- 
spectively. Statements that are valid for 
many fluents are conveniently expressed 
in terms of fluent variables; for example, 


If z=log u, then dz/du = 1/u 
for any two fluents u andz (1) 


In Eq. 1, u and z may be replaced by 
x and y: if y=log x (which holds along 
the logarithmic curve), then dy/dx= 
1/x; or by v and w: if w=log v (which 
holds for an isothermic expansion), then 
dw/dv = 1/v. But u and z in Eq. | must 
not be replaced by numbers such as e 
and 1: although 1=log e is valid, 
dl /de = 1 /e is nonsensical. 

Confusion in the literature. No clear 
distinction has heretofore been made be- 
tween numerical and fluent variables. 
Moreover, in the literature, numerical 
variables and variable quantities, not- 
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withstanding the profound differences 
between them, are indiscriminately re- 
ferred to as “variables”; and the two 
concepts have actually been confused. 
For instance, numerous attempts (5) 
have been made to define gas pressure 
as a symbol that may be replaced by 
any value of pressure, thus as a numer- 
ical variable, p, whose scope is the range 
of what herein has been called the flucat 
p. But a fluent is not determined by its 
range. Could Boyle have connected pres- 
sure and volume on the basis of mere 
information about the ranges of p and v? 
It was by transcending these ranges and 
referring to the domains, namely, by 
comparing v(y) and p(y) for the same 
sample y, that he discovered u(y) = 
1/p(y) (in proper units) for any y of a 
certain temperature or, without refer- 
variable, v=1/p. 
Neither formulation involves numerical 
variables. Boyle’s Law connects specific 
fluents. 
Analogously, 


ence to a sample 


constant fluents have 
been identified ,with their numerical 
values even though what primarily in- 
terests the physicist in gravitational ac- 
celeration clearly is the fact that g is its 
value for any @ rather than the number 
g as such. 

Numerical variables and variable quan- 
tities belong to worlds that are not only 
different but nonisomorphic. The former 
are interchangeable, the latter are not: 


x’ ~ 4y*= (x + 2y) - (x 2y) and 
y’ — 4x? = (y+ 2x): (y- 2x) 


for any x and y are tantamount. But 
x-y=3 and y-x=3 are different 
straight lines and w=/og v is incom- 
patible with, and not tantamount to, 
v=log w. 

Only the consistent maintenance of all 
these distinctions makes it possible to 
formulate mathematical analysis as well 
as its applications to science as a system 
of procedures following articulate rules 

6 

Kart MENGER 

Illinois Institute of Technology 
Chicago, Illinois 
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1, Compare K. Menger, “The ideas of variable 
and function,” Proc. Natl. Acad. Sci. U.S. 39, 
956 (1953) and “On variables in mathematics 
and in natural science,” Brit. J. P*il. Sci. 5, 
134 (1954). A paper “Random variables and the 
general theory of variables’’ is in print Proc. 3rd 
Berkeley Symposium Math. Statistics (1955). A 
systematic exposition of the new theory of vari- 
ables is contained in K. Menger, Calculus. A 
Modern Approach (Ginn, Boston, 1955). 
The term gas sample means gas in a specific 
container at a definite instant. 
3. Depending on whether a physical, a postula- 
tional, or a pure plane is under consideration, 
a “point” is a physical object (for example, an 
ink dot in a paper plane), or an undefined ob- 
ject satisfying certain assumptions, or an ordered 
pair of numbers. 
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4. Even if, following the suggestion of some math- 
ematicians, one called all consistent classes of 
quantities “functions,” one obviously would 
need a special term for “functionally connect- 
ing functions” such as log. 

Compare, for example, R. Courant, Differential 
and Integral Calculus (Interscience, New York, 
1954), vol. 1, p. 14 

Compare K. Menger, Calculus. A Mozern Ap- 
proach (Ginn, Boston, 1955). 
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Prenatal Diagnosis of Sex Using 
Cells from the Amniotic Fluid 


In most mammals, including human 
beings, males normally have the sex 
chromosome constitution XY, and fe- 
males the sex chromosome constitution 
XX (1). It has been shown in a variety 
of tissues in human beings and some 
other species (2) that there is a sex dif- 
ference in the percentage of cells with 
chromocenters, especially those at the 
nuclear membrane; this presumably is 
due to this difference in sex chromosome 
constitution in males and females. A de- 
termination of the percentage of cells 
with chromocenters can therefore give, 
in sexually normal individuals, a diag- 
nosis of sex. 

The present study was undertaken in 
order to show whether, in human beings, 
such a diagnosis can be made before 
birth, not only for aborted fetuses from 
which pieces of tissue can be removed 
for examination, but also for viable 
fetuses by an examination of cells from 
the amniotic fluid. In order to establish 
whether amniotic fluid contains cells 
suitable for diagnosis, fluid was taken 
before delivery by puncture of the mem- 
branes from women in the ninth month 
of pregnancy. The fluid was centrifuged, 
and the cells were smeared on slides, 
fixed in alcohol-ether, and stained with 
Feulgen and fast green (Fig. 1). 

Our analysis has shown that cells suit- 
able for the diagnosis are present, and 
an examination of 35 cases in the ninth 
month, which include those reported 
previously (3), has given 35 correct diag- 
noses of the sex of the fetus. 

It therefore seems that this method is 
particularly reliable, especially since 
there appears to be no theoretical objec- 
tion to it. The only apparent exception 
that occurs to us at present is the rare 
case of an intersex in which the sexual 
phenotype does not correspond to the 
sex chromosome constitution. When one 
is collecting the amniotic fluid it is, of 
course, essential to avoid contamination 
with cells from the mother. 

Amniotic fluid can be obtained from 
viable human fetuses from 12 weeks to 
term (4). We have found, from an ex- 
amination of the fluid obtained from 
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Fig. 1. Photomicrographs of cells from the 
amniotic fluid (x 1500). (Top row) Nu- 
clei with a chromocenter at the nuclear 
membrane; from female human fetuses in 
the ninth month. (Bettom row) Nuclei 
without a chromocenter; from male hu- 
man fetuses in the ninth month. 


viable human fetuses in the sixth and 
seventh months, that a prenatal diagnosis 
of sex can be made at these stages. We 
have also found suitable cells in the 
fluid of an aborted 8-week-old human 
embryo. 

It may be possible to apply this 
method for the prenatal diagnosis of sex 
to domestic animals. 

Leo Sacus 
Department of Experimental Biology, 
Weizmann Institute of Science, 
Rehovoth, Israel 
Davin M. Serr 
Department of Obstetrics and 
Gynaecology, Rothschild-Hadassah 
University Hospital, Jerusalem, Israel 
MaTuHiLpe Danon 
Department of Experimental Biology, 
Weizmann Institute of Science, 
Rehovoth, Israel 
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Book Reviews 


Research Films in Biology, Anthropol- 
ogy, Psychology, and Medicine. An- 
thony R. R. Michaelis. Academic 
Press, New York, 1955. xvi +490 pp. 
Illus. $10. 


In the publication of this book, inves- 
tigators as well as teachers in the biolog- 
ical sciences (including anthropology, 
psychology, and medicine). have a source 
of detailed, technical information that 
should enable beginners to begin to use 
and advanced workers more effectively 
to use cinematography. The book does 
not deal too exclusively with specific ap- 
paratus and, for this reason, it is not 
“dated.” Rather, it is written to inform 
the reader in the general principles of 
the theory and art of cinematography. It 
is not a catalog of apparatus, yet it is a 
source of information about what general 
types of apparatus have been put to- 
gether by scientists for the solution of 
their special problems and so may fur- 
nish suggestions for other installations. 

The book is divided into three parts: 
114 pages on the biological sciences (in- 
cluding such problems as_ bacterial 
growth and reproduction, tissue culture, 
embryology, locomotion, feeding mech- 
anisms, circulation, nerves and sense or- 
gans, plant growth, tropisms, plant physi- 
ology, mycology, animal behavior); 91 
pages on the “human sciences” (largely 
anthropology, psychology, and _psychi- 
atry); and 99 pages on the “medical 
sciences. 

In each part Michaelis goes over the 
use of cinematography, reviewing some 
films already made. He discusses vari- 
ous special considerations in the area 
(for example, in animal behavior, the 
need for working in infrared for certain 
purposes). He then gives a comprehen: 
sive account of the application of cine- 
matography in the main fields of re- 
search. For example, in the “medical 
sciences,” applications of cinematogra- 
phy described are to external conditions, 
surgery, cavity exploration, x-ray anal- 
ysis, locomotion, digestion, respiration, 
genitourinary system, circulation, sense 
organs, nervous system, pathology, and 
aviation medicine. In each case the sci- 
entific result revealed or elucidated by 
the use of cinematography is empha- 
sized. There are thoroughly adequate 
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and ample specific references through- 
out the text to a bibliography of 1490 
titles. 

I have had many years of experience 
with many kinds of cinematographic 
problems in biology, and I can say with 
full assurance that this book is the best 
in its field. Moreover, it should be a 
model for writers of “how-to” books— 
there is a fine balance between the treat- 
ment of the problem to be solved and 
the method of solving it. Unlike so many 
books on photography, the author of Re- 
search Films has a good grasp of, and 
a feeling for the biologist’s point of view 
and language. The illustrations are ex- 
cellent; the index is adequate. 

Ratex BucHsBauM 
Department of Biological Sciences, 
University of Pittsburgh 


Principles and Applications of Physics. 
Otto Bliih and Joseph D. Elder. Inter- 
science, New York, 1955. xiv + 866 
pp. Illus. $7. 


The turnover of physics textbooks in 
most western European countries has 
been much smaller than in the United 
States with its larger population of col- 
lege-attending youth. Perhaps this is one 
reason why many textbooks of European 
origin are too encyclopedic to gain ready 
acceptance as required books in Ameri- 
can universities. The book under review 
is based in part on Otto Bliih’s earlier 
writing in Europe; it is considerably 
larger than most American textbooks. It 
is a mine of information addressed to 
the intelligent student who is expected 
already to have mastered some elemen- 
tary physics. Without such a_back- 
ground, the pace at which the book pro- 
ceeds would discourage the average stu- 
dent. 

In the preface the authors express the 
hope that their book will have almost 
universal utility. “The text is adaptable 
to a one-year lecture course, when a se- 
lection of material according to the spe- 
cial requirements of the class will be 
necessary, but it contains ample material 
for a two-year course of which approxi- 
mately one year would be devoted to 
classical, the other to modern physics. 


. . . Applications of physics have been 
adequately discussed as illustrations of 
the basic principles involved.” In writing 
this book the authors “have attempted to 
fill the gap between elementary and ad- 
vanced specialized textbooks.” Following 
one of the senior author’s special inter- 
ests “consideration has been given . 

to the biologic, medical and radiological 
applications of physics . . . at the same 
time the text should provide for students 
of applied science and engineering a 
wider understanding of physics in con- 
formity with the demands for the re- 
placement of technical physics by basic 
. .. physics .. . . The integrating fea- 
tures of the book may perhaps also claim 
the interest of the graduate physics stu- 
dent, of the physics teacher . . . and of 
the scientists-at-large.” 

At a time when the proper teaching 
of physics is undergoing keen scrutiny, 
both by people within and without the 
physics profession, the authors have 
courageously written a book in which the 
traditional order and emphasis are not 
followed. Altogether it consists of 10 
parts of somewhat unequal lengths deal- 
ing with the following: I, “Methods of 
physics, mathematics”; II-VI, “Basic 
concepts, mechanics, energy, fields, oscil- 
lations, thermodynamics”; VII - IX, 
“Corpuscles, atomic and nuclear phys- 
ics”; X, “Scope and importance of the 
physical sciences.” 

In places the treatment is somewhat 
too condensed to be easily followed by 
a student who meets a topic for the first 
time. Teachers will certainly enjoy the 
volume, particularly part X. A junior or 
senior undergraduate major in physics 
might well put Bliih and Elder’s volume 
on his list of Christmas or birthday 
wants and read it during his summer va- 
cation. 

The type face is large and clear; a 
few of the halftones (except for 10 or 12 
plates) leave something to be desired; 
and the black cover is unattractive. But 
the book is an extremely good value at 
the price. 

Tuomas H. Oscoop 
Michigan State University 


Chemistry of the Soil. Firman E. Bear, 
Ed. Reinhold, New York, 1955. x + 373 
pp. Illus. $8.75. 


This monograph brings together a 
great part of the factual material needed 
for an understanding of the chemical 
nature of soils. Ten well-chosen areas 
(chapters) make it possible to present 
the significant facts of soil chemistry 
without serious overlapping. The au- 
thors of the chapters are well known 
through their contributions to the sub- 
ject. 
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Soil development, by Barshad, deals 
with the methodology for interpreting 
soil-profile development in terms of the 
effect of developmental factors on parent 
material. Chemical composition, by Law- 
ton, covers the gross elemental compo- 
sition of primary minerals and soils. 

Soil colloids are described by Toth 
through their schematic crystal structures 
and ion-exchange properties. But the ex- 
change phenomena itself is rather thor- 
oughly and competently explored in a 
separate chapter, by Wiklander, dealing 
with ion-exchange formulas, the Donnan 
equilibrium, membrane potentials, am- 
photeric reactions, and ion-exchange re- 
actions between solids. 

The chapter on soil organic matter, 
by Fraser, discusses plant constituents 
and their decomposition products. Kar- 
dos discusses soil fixation of plant nutri- 
ents and the chemical reactions involved 
that have special implications in soil 
fertility. Oxidation-reduction processes 
with respect to soil development and 
fertility are discussed by Merkle, while 
Thorne and Seatz cover the chemistry 
of acid, alkaline, alkali, and saline soils. 

The world distribution of trace ele- 
ments and their behavior in soils are 
described by Mitchell. The relationship 
of soil chemistry to plant nutrition, by 
Mehlich and Drake, forms the conclud- 
ing chapter. It deals with ion adsorption 
by plant roots and nutrient availability 
as affected by soil reactions. An appen- 
dix, by Prince, on routine soil analysis is 
included. 

Editor Bear and the authors are to be 
congratulated on this valuable contribu- 
tion to the field of soil chemistry. Each 
chapter is well written and adequately 
documented. It is a book every worker 
in soil chemistry and soil fertility should 
possess, and it would make an excellent 
text or reference book for an advanced 
course in the principles of soil chemistry. 

Rocer H. Bray 
Department of Agronomy, 
University of Illinois 


Flora of Winnebago County, Illinois. 
Egbert W. Fell. Nature Conservancy, 
Washington, D.C., 1955. 207 pp. 
Cloth, $3.50; paper, $2.75. 


Those concerned with the flora, vege- 
tation, or ecology of the Middle West 
will be interested in this new book on 
one of the counties on the prairie border 
in northern Illinois. This book is the 
result of many years of careful study of 
the natural history of the northern part 
of Illinois; the author went there in 1921 
to live. 

The introduction is a description of 
the region, its geography, geology, cli- 


550 


mate, vegetation, and the range of habi- 
tats, with statistics on the geographic 
relationships of the components of the 
flora. The main part of the book is an 
annotated catalog of the vascular plants, 
with information on the local occurrence 
of each and interesting notes that par- 
ticularly concern the plants in this 
county. Accompanying this are 33 pages 
of line drawings by the author, illustra- 
ting many of the more interesting spe- 
cies. A folded map in the back clarifies 
the local geography of the county, and 
a smaller map shows the areal relation- 
ships of original prairie and woodland 
and present-day wooded land. 

F. R. FosBerc 
Falls Church, Virginia 


Physics and Microphysics. Louis de 
Broglie. Translated by Martin David- 
son. With a foreword by A. Einstein. 
Pantheon, New York, 1955. 286 pp. 
$4.50. 


This book is a collection of lectures 
and essays, for the most part, written, I 
would estimate, more than a decade ago. 
They suffer from the usual diseases of 
such a collection of much repetition and 
overlap. Many of the comments on the 
most recent scientific developments are 
seriously out of date, in spite of valiant 
efforts by the translator in the form of 
notes. 

The book is divided into three parts. 
In the first, entitled, “Science,” the au- 
thor describes recent developments in 
science with special emphasis on wave 
mechanics, nuclear physics, and relativ- 
ity. A historical approach is employed. 
These chapters are very lucidly written 
and can be understood by the nonspe- 
cialist, although they contain very little 
that is new for a competent physicist. 
The second section is entitled “Scientific 
philosophy.” Here there is much empha- 
sis on the comparison of space and time 
in classical and quantum physics and the 
relationship of this question to the wave- 
particle dualism. 

One does not always agree with de 
Broglie, but his ideas are very interesting 
and thought-provoking. The road to a 
great discovery is not an easy one, but, 
as de Broglie points out in an essay on 
personal memories of the beginning of 
wave mechanics, a discovery such as the 
one he made presents many problems of 
understanding before it can become com- 
pletely useful. He discusses the blind 
alleys he followed in an essay of great 
interest to me and, I am sure, to other 
physicists as well as to students of the 
history of science. 

Another chapter in this section that is 
most ably presented is entitled, “The 


grandeur and moral value of science.” 
On the other hand, the chapter on the 
relationship of modern science and the 
philosophy of Bergson was rather dis- 
appointing, probably because only a sum- 
mary of the chapter is presented and is 
therefore much too sketchy to be satisfy- 
ing. There are, however, many other 
hints throughout the book on the paral- 
lels between Bergson’s philosophy and 
modern physics, which I hope de Broglie 
will someday discuss more extensively in 
a separate volume. 

The third section is entitled “History 
of the sciences” and contains essays on 
the future of physics, the relationship of 
pure and applied science, a sketch on the 
history of the radio, and finally some re- 
marks on nuclear energy, which, when 
one remembers that they were written 
before the explosion of the first atomic 
bomb, are remarkably prescient 

The book will prove to be of interest 
to the nonphysicist, who will find not 
only the philosophy of modern physics 
very clearly discussed but also such very 
important matters as the relationship be- 
tween science and the scientist, between 
science and applied science, and between 
science and society illuminated by co- 
gent and stimulating concepts. 

HERMAN FESHBACH 
Physics Department, 
Massachusetts Institute of Technology 


Ordovician Cephalopod Fauna of Baf- 
fin Island. Memoir 62. A. K. Miller, 
Walter Youngquist, dnd Charles Col- 
linson. Geological Society of America, 
New York, 1954. vii + 234 pp. Illus. + 
plates. 


The publication of this volume in the 
memoir series of the Geological Society 
of America is very timely, iu addition to 
being intrinsically valuable, because of 
current special activity of the Geological 
Survey of Canada in exploration of the 
arctic region, including Baffinland. Sev- 
eral field parties working in Baffinland in 
the summer of 1955 have added mate- 
rially to knowledge of areal geology and 
structure; a preliminary report on this 
work is now in preparation. 

The study by Miller and coauthors is 
concerned primarily with the characters 
exhibited by 23 genera of nautiloid 
cephalopods obtained from a single lo- 
cality (Silliman’s Fossil Mount) near 
the southeastern extremity of Baffinland. 
Brief descriptions and excellent illustra- 
tions of various brachiopods, corals, and 
the widely distributed spongelike fossils 
(Receptaculites) are given also, and the 
volume contains a report on 23 species 
(four new genera and subgenera) of 
trilobites (by H. B. Whittington) as well 
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as short sections on graptolites (by C. E. 
Decker and fossils in Paleozoic rocks 
near the main fossil locality (by Y. O. 
Fortier). 

Main interest attaches to the age of 
the fossil-bearing formations and content 
of the faunal assemblage. Based on oc- 
currence together of some supposed Late 
Ordovician (Richmond) species with 
forms that elsewhere predominantly oc- 
cur in Middle Ordovician (Trenton) 
strata, the cephalopod assemblage is 
interpreted to signify an early part of 
Late Ordovician times. Other fossils, es- 
pecially the trilobites, point less ambigu- 
ously to Trentonian age. 

New paleontological information ob- 
tained from the northern margin of the 
North American continent is not only 
furnishing basis for accurate interpreta- 
tion of the geologic history of this region 
but may contribute importantly to un- 
derstanding paleontological features of 
formations in the interior of the con- 
tinent. 

Raymonp C. Moore 
Department of Geology, 
University of Kansas 


Basic Mathematics for Science and En- 
gineering. Paul G. Andres, Hugh J. 
Miser, and Haim Reingold. Wiley, 
New Work; Chapman & Hall, Lon- 
don, 1955. vii+846 pp. Illus. $6.75. 
(A revision of Basic Mathematics for 
Engineers, 1944.) 


This textbook is proposed for a unified 
freshman year of mathematics work to 
include algebra, trigonometry, and ana- 
lytic geometry. It is an adequate basis 
for the study of the calculus and is di- 
rected, as its title states, to students in 
science and engineering. This is a re- 
vision of an earlier volume by the same 
authors. Considerable space (about 100 
of the 800 pages) is given to prerequisite 
high-school mathematics so that students 
may have ready access thereto. This re- 
view material is unusually well treated 
with emphasis on radicals and exponents, 
fractions, and solution of equations. 
There is an abundance of word prob- 
lems, many of an unusual form; and 
manipulation of many formulas with 
other variables besides x and y is care- 
fully included. 

The usual material in college algebra, 
trigonometry, and analytic geometry is 
adequately covered. The authors are to 
be congratulated on a careful analysis of 
important material and on the omission 
of certain topics that still appear in 
many textbooks only because of tradi- 
tion. For example, the solution of cer- 
tain oblique triangles by the law of tan- 
gents or half-angle formulas is replaced 
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by the use of the laws of sines and co- 
sines—a commendable feature in this 
day of electric desk calculators. Refer- 
ence is frequently made to applications 
in science and engineering with the pri- 
mary purposes of stimulation in study 
and of bridging the gap between mathe- 
matics and its utilization. As a second 
example of these authors’ analysis, the 
solution of simultaneous linear equations 
is treated by the Doolittle method; 
hence, in the study of determinants, the 
students should realize that they are 
concerned beyond the mere solution of 
three or four equations in as many vari- 
ables. The theory of determinants, so 
requisite to matrix theory and to com- 
puter theory, is covered only for second- 
and third-order determinants but more 
competently than is usual; evidently the 
belief of the authors is that students can 
learn the theory for the general order 
more thoroughly and easily in a later 
course. 

I would have preferred more empha- 
sis in analytic geometry on the locus 
derivation and, consequently, on fewer 
boldface formulas (which really do not 
need to be memorized). The treatment 
of solid analytics is too brief (31 pages 
in all), and cylindrical and spherical 
coordinates are omitted. 

The slide rule is treated in the first 
chapter; far fewer problems than usual 
follow in the text with trick numbers of 
solutions. This is both commendable and 
desirable, for the psychological attitude 
of expecting simple answers is an inevi- 
table but unfortunate consequence of 
study with many textbooks. 

This textbook, then, is of some signifi- 
cance in the current trend of experimen- 
tation that is so important if mathe- 
matics instruction is to be progressive 
and not static. I wish that some other 
way could be found to cope with the 
inadequate preparation of the entering 
student than to make the requisite ma- 
terial available for reference in a col- 
lege-level textbook; certainly improve- 
ments in education in the high school 
must occur if college instruction is to 
yield more and better trained students 
in science and engineering. 

Joun W. Cer 
Department of Mathematics, 
North Carolina State College 


Books Reviewed in 
The Scientific Monthly, April 


Plant Taxonomy, E. L. Core (Prentice- 
Hall). Reviewed by L. Constance. 

Quantitative Analysis, A. F. Daggett 
and W. B. Meldrum (Heath). Reviewed 
by A. D. Bliss. 

Advanced Calculus, A. E. Taylor 
(Ginn). Reviewed by A. W. Hobbs. 


The Botany of Cook’s Voyages and Its 
Unexpected Significance in Relation to 
Anthropology, Biogeography and History, 
E. D. Merrill, vol. 14, No. 5/6 (Chronica 
Botanica; Stechert-Hafner). Reviewed by 
J. M. Fogg, Jr. 

Die Binnengewasser in Natur und Kul- 
tur. A. Thienemann (Springer). Reviewed 
by A. D. Hasler. 

Rome beyond the Imperial Frontiers, 
M. Wheeler (Philosophical Library). Re- 
viewed by M. H. Adams. 

Fact, Fiction, and Forecast, N. Good- 
man (Harvard Univ. Press). Reviewed 
by R. J. Seeger. 

Contributions to Plant Anatomy, Irving 
W. Bailey (Chronica Botanica; Stechert- 
Hafner). Reviewed by J. Philpott 

Introduction to Social Welfare, W. A. 
Friedlander (Prentice-Hall). Reviewed by 
W. W. Boehm. 

The Unified System Concept of Nature, 
S. T. Bornemisza (Vantage). Reviewed 
by G. Hardin. 

Sir Joseph Banks, the Autocrat of the 
Philosophers, 1744-1820, H. C. Cameron 

Batchworth). Reviewed by J. Ewan. 

The Luminescence of Biological Sys- 
tems, F. H. Johnson, Ed. (AAAS). Re- 
viewed by C. E. ZoBell. 


Miscellaneous Publications 


Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 

Informe de la Tercera Conferencia 
sobre los Problemas de Nutricién en la 
América Latina. Held at Caracas, Vene- 
zuela, 19-28 October 1953. Publicaciones 
Cientificas No. 12. Oficina Sanitaria Pan- 
americana, Washington 6, 1954. 54 pp. 

The Sergestidae of the Great Barrier 
Reef Expedition. Great Barrier Reef Ex- 
pedition 1928-29, Scientific Reports, vol. 
VI, No. 5. Isabella Gordon. 11 pp. 5s. 
The Otiorrhynchine Curculionidae of the 
Tribe Celeuthetini (Col.). Guy A. K. 
Marshall. 134 pp. 35s. British Museum 

Natural History), London, 1956 

Learning about Tests. Junior Life Ad- 
justment Booklet. Joseph C. Heston. Sci- 
ence Research Associates, Chicago 10, 
1955. 40 pp. $0.50. 

The Report of the Principal to the 
Trustees and Ten-Year Reports of the 
Department Chairmen. vol. 52, No. 1, of 
Phillips Exeter Bulletin. Phillips Exeter 
Academy, Exeter, N.H., 1955, 61 pp. 

Handbook of Toxicology. vol. 1. WADC 
Tech. Rept. 55-16. William S. Spector, 
Ed. Wright Air Development. Center, 
Wright-Patterson Air Force Base, Ohio, 
1955. 408 pp. 

Lung Function in Coalworkers’ Pneu- 
moconiosis. Medical Research Council 
Rept. Ser. No. 290. J. C. Gilson and P. 
Hugh-Jones. Her Maijesty’s Stationery 
Office, London, 1955. 266 pp. $3.78. 

Cytotaxonomic Studies in Allium. I, 
The Allium canadense Alliance. Research 
Studies of the State College of Washing- 
ton, Monographic Suppl. No. 1. Marion 
Ownbey and Hannah C. Aase. State Col- 
lege of Washington, Pullman, 1955. 106 
pp. $2. 








Scientific Meetings 


Calorimetry 


More than 100 scientists from govern- 
ment, academic,.and industrial labora- 
tories in the United States and Canada 
participated in the tenth annual Calor- 
imetry Conference held at the Univer- 
sity of Minnesota, Minneapolis, 16-17 
Sept. 1955. The program, arranged by 
Edgar F. Westrum, Jr. (University of 
Michigan) under the chairmanship of 
Warren DeSorbo (General Electric Re- 
search Laboratory), featured individual 
reports and general discussions or recent 
results and new techniques of precision 
calorimetry. 

After a brief welcoming address by 
L. H. Reyerson of the University of Min- 
nesota, the second Hugh M. Huffman 
Memorial lecture was delivered by F. 
G. Brickwedde (National Bureau of 
Standards). His timely subject, “Ther- 
mometry in relation to calorimetry,” ex- 
plained the correction of precise calori- 
metric data to the thermodynamic scale, 
the reliability and accuracy of tempera- 
ture scales currently employed, and the 
recommendations of the 1955 Paris In- 
ternational Conference on Low Tempera- 
ture Physics regarding the adoption of 
temperature scales for the liquid helium 
region. J. R. Clement and J. K. Logan 
Naval Research Laboratory) reported 
an empirical helium vapor pressure equa- 
tion valid to within + @.002°K below the 
critical point. 

A major emphasis of the conference 
concerned the heat capacity of aniso- 
tropic crystalline materials. DeSorbo 
summarized research progress on the 
measurement of the heat capacity of 
four specimens of synthetic and natural 
graphite with crystallite sizes ranging 
from about 100 to more than 900 ang- 
strom units. The thermal properties of 
these samples revealed a definite crys- 
tallite size effect. The theoretical anal- 
ysis of the lattice vibration specific heat 
of graphite was furthered by J. A. Krum- 
hansl (National Carbon Research Lab- 
oratories), both with reference to the 
DeSorbo data and the more general 
problem of the normal modes. A reex- 
amination and critical review of the vi- 
brational spectrum and thermal proper- 
ties of lamellar crystals, by Gordon F. 
Newell (Brown University), was fol- 
lowed by a round-table discussion of 
these topics. 
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Progress in the measurement of the 
specific heat of isotropic crystalline sub- 
stances in the range of 3° to 20°K was 
related by W. T. Berg and J. A. Morri- 
son (National Research Council, Ot- 
tawa). The development of a technique 
for studying heat capacities of small 
metal samples over the range 4°-12°K 
has been developed by Logan and Clem- 
ent and applied to the study of thermal 
and electric anomalies in magnesium 
metal. D. L. Martin (National Research 
Council, Ottawa) reported on the de- 
termination of the heat capacities of the 
alkali metals (Na, K, Rb, Cs) by a con- 
tinuous heating process from 20° to 
310°K. Heat 
diboride and 


capacities of magnesium 

magnesium _ tetraboride 
from 18° to 300°K and the temperature 
dependence of the thermal and thermo- 
dynamic properties of these substances 
were reported by Robinson Swift and 
David White (Syracuse University). Ex- 
amination of the heat capacity from 15° 
to 315°K and heats of fusion of the 
optically active alpha and beta pinene 
system, by H. A. McGee, Jr., and W. T. 
Ziegler (Georgia Institute of Technol- 
ogy), leads to the conclusion that the 
equimolar d,l-alpha-pinene mixture 
probably forms a racemic compound 
rather than a simple eutectic mixture. 

Values of the heats of formation for 

some synthetic silicates of lithium, so- 
dium, and potassium and for the min- 
erals albite, anorthite, orthoclase, and the 
intervening feldspars, as well as for 
nepheline, leucite, synthetic diopsite and 
wollastonite, mineral jadeite, analcite, 
and a. synthetic gallium anorthite 
GaAlCaSi,O,) were determined by 
heats of solution in a calorimeter em- 
ploying a 20-percent aqueous hydro- 
fluoric acid solution operated at 74.7°C 
by F. C. Kracek, G. Burley, and R. 
J. Gordon (Geophysical Laboratory). 
Heats of solution and dilution have been 
determined for the system sodium do- 
decyl sulfate-water at 25°C by adiabatic 
calorimetry by E. D. Goddard and G. 
C. Benson (National Research Council, 
Ottawa). 

Three contributions to the technique 
of adiabatic calorimetric measurement 
of thermal properties were described by 
University of Pittsburgh scientists. An 
automatic shield control device employ- 
ing a series of galvanometer-photomulti- 
plier arrangements to amplify the signals 


from the differential thermocouples be- 
tween the calorimeter and shield and, 
thereby, to control the power input to 
the shield has been designed and con-° 
structed by M. G. Zabetakis and R. S. 
Craig. It completely replaces the usual 
manual shield control during low-tem- 
perature adiabatic calorimetric measure- 
ments. W. V. Johnston, W. E. Wallace, 
and Craig described modification of a 
conventional Brickwedde-type adiabatic 
calorimeter to permit its operation over 
the range 25° to 300°C with a precision 
of +0.2 percent. 

Data on the Mg,Cd and 
MgCd, were presented with particular 
attention to the thermal behavior near 
order-disorder points. By 


alloys 


comparison, 
the inadequacies of calorimeters that 
employ continuous heating in studying 
such phenomena were revealed. M. H. 
Aven and Craig also described a 4° to 
15°K adiabatic calorimeter that employs 
a constant-volume gas thermometer as 
the working thermometer. A precision 
somewhat better than 1 percent was 
achieved in measurements on titanium 
and titanium hydride. 

A primarily adiabatic calorimeter that 
may be operated isothermally was de- 
signed and constructed by E. E. Stans- 
bury, D. L. McElroy, and G. E. Elder 
(University of Tennessee) for the study 
of stored energy in coldworked metals 
and alloys and other similar thermal 
phenomena to temperatures of 1000°C. 
Examples of its application to the study 
of the transformation in _ electrolytic 
iron, to the Curie phenomenon in nickel, 
and to the heat capacity of antimony- 
copper alloy revealed a precision of 
about 0.5 percent to 700°C in the meas- 
urement of heat capacity. A liquid-tin 
heat-of-solution calorimeter for the de- 
termination of the heats of formation of 
alloys constructed by Raymond L. Orr 
University of California) was described. 
Excellent agreement between values for 
the heats of solution of gold and silver in 
liquid tin and of the heat of formation 
of silver-cadmium alloys in this instru- 
ment and recently reported literature 
values has been obtained. 

A quick and simple method of correct- 
ing heat-capacity data for curvature was 
mentioned by Craig (University of Pitts- 
burgh) and a treatment of calorimetric- 
purity data in the presence of solid-solu- 
tion formation was presented by S. V. 
R. Mastrangelo, and R. W. Dornte (Al- 
lied Chemical and Dye Corporation). 

DeSorbo, Brickwedde, and D. R. Stull 
reviewed progress on the temperature- 
scale resolution adopted by the confer- 
ence in September 1954, and a new com- 
mittee was selected to present the need 
for further investigation of these matters. 

After a report by J. W. Stout on the 
resolution regarding the publication of 
thermodynamic data, the conference 
voted to amend the resolution to include 
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(H°-H,°)/T as an alternative to 
(H° —H,°) values in tabular summaries 
of thermodynamic functions and to urge 
utilization of the internationally adopted 
ice-point value of 273.15°K. 

Epcar F. Westrum, Jr. 
Department of Chemistry, 
University of Michigan 


Southwestern and Rocky 
Mountain Division 


The New Mexico College of Agricul- 
ture and Mechanic Arts will be host to 
the Southwestern and Rocky Mountain 
Division of the AAAS for the third time 
on 29 Apr.-3 May. The college is lo- 
cated on the eastern mesa-lands of the 
Rio Grande Valley in the south-central 
part of New Mexico, The campus is 3 
miles southeast of Las Cruces and 40 
miles north of El Paso, Tex., near U.S. 
Highway 80, 

As the site of the New Mexico Agri- 
cultural Experiment Station, the Las 
Cruces State College community has 
long been one in which a high degree 
of interest and participation in scientific 
research exists. The station lies in the 
heart of the fertile Mesilla Valley, which 
is irrigated from the Caballo and Ele- 
phant Butte Dams. 

Since World War II interest in science 
has been accelerated and augmented by 
the establishment and growth of a Physi- 
cal Sciences Laboratory, in which more 
than 100 scientists and technicians en- 
gaged in basic and applied research are 
employed. Further impetus derives from 
the nearby Army Ordnance Depart- 
ment’s White Sands Proving Grounds, 
since a majority of the scientific person- 
nel, both civilian and military, of this 
base make their home in Las Cruces. 

Edward F. Castetter (University of 
New Mexico) will give his retiring presi- 
dential address on Monday evening, fol- 
lowing the annual dinner, on the subject 
“The vegetation of New Mexico.” 

The annual Powell lecture, dedicated 
to the memory of the noted explorer of 
the Grand Canyon of the Colorado 
River, will be given on 1 May by Seth 
B. Nicholson (Mount Wilson Observa- 
tory) on the timely subject “The sunspot 
cy< le.” : 

In view of the ever-mounting interest 
in our future supply of scientific workers 
and science teachers, a half-day panel 
discussion on “Education of scientists” 
is planned for 2 May, under the chair- 
manship of Anton Berkman (Texas 
Western College). Another half-day ses- 
sion will be devoted to a review of the 
accomplishments of the International 
Arid Lands Meetings held last May in 
Albuquerque and Socorro, N.M. Panel 
leaders will be Peter Duisberg, chairman 
of the Arid Lands Committee, and Frank 
E. E. Germann, secretary of the South- 
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Analyzer is available separately as an 
economical accessory for laboratories al- 
ready having a scintillation detector and a 
scaler or rate-meter. 





Automatic scanning and recording of spec- 
trum energies is accomplished by Ana- 
lyzer, rate-meter, recorder and scintillation 
counter. Gamma energy spectrum of 
Cesium-137 is shown on recorder chart. 


GAMMA RAY SPECTROMETRY 





Gamma emitting samples inserted into a scintillation well counter are 
counted by Radiation Analyzer and standard scaler. Adjustable “‘window”’ 
of Analyzer is set to count only pulses that fall within a pre-selected 
portion of the energy spectrum, thus virtually eliminating “background”. 


with nuclear-chicago’s 


NEW RADIATION ANALYZER 


and your present scaler 
and scintillation counter 


The advantages of pulse-height selection 
for background and scatter-error reduc- 
tion, multiple tagging measurement and 
energy analysis are now available for every 
radioisotope laboratory. The Radiation 
Analyzer, connected directly to your pres- 
ent scaler and scintillation counter, in- 
corporates in a compact single-chassis 
design a non-overloading linear amplifier, 
pulse height discriminator and extremely 
stable high voltage regulator. Circuitry 
has been designed for simplicity, stability 
and high reliability. 


SPECIFICATIONS 


@ Linear feedback amplifier with gain of 2500. 


@ Non-overioad amplifier with delay-line shaper. Sep- 


arate amplifier output. 


@ Base level adjustable 0-100 volts with ten-turn potenti- 
ometer. Channel width of 0-10 volts provided by precision 
single turn control. Computer tubes, precision components 
and ultra-stable power supplies provide long term stability. 


@ Regulator for scaler high voltage supply variable from 
Write today for full details 


500 to 1500 volts with ten-turn potentiometer. Regula- 
tion factor of 200. 

@ Overall resolution time for equal pulse pairs within 1.5 
microsecond. 

@ Front panel switch provides integral or differential 
count. 

@ Provision for external base level control allows euto- 
matic scanning. 


nuclear - chicago 





NUCLEAR INSTRUMENT AND CHEMICAL CORPORATION 
237 West Erie Street, Chicago 10, Illinois 


LEADERS IN MAKING RADIOACTIVITY COUNT 
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western and Rocky Mountain Division. 
There will also be an open meeting of 
the American Rocket Society, at which a 
scientist of international repute will 
speak. 

Tentative plans call for a morning 
session on 3 May featuring geologic and 
biological discussions at the White Sands 
National Monument, with a barbecue- 
type luncheon at the picnic area, fol- 
lowed by a tour of some 
scientific interest at the 
Force (Guided Missiles) 
sessions for presentation 


of the areas of 
Holioman Air 
Base, Regular 
of papers dur- 
ing the early days of the meeting will be 
grouped in the categories of botanical, 
zoological, social, and physical scienées. 


Meeting Notes 


® The sixth annual Rochester conference 
on High-Energy Nuclear Physics at the 
University of Rochester, 3-7 Apr., will 
feature major addresses by U.S. Sena- 
tor Clinton P. Anderson of New Mexico, 
chairman of the Joint Congressional 
Committee on Atomic Energy, and Rob- 
ert Oppenheimer, director of the Insti- 
tute for Advanced Study, Princeton, N.J. 

More than 150 of the world’s leading 
physicists from the principal research 


mane 


laboratories of this country and from 
about 16 foreign nations have been in- 
vited to attend the conference. It is sup- 
ported this year by the National Science 
Foundation in cooperation with the U.S. 
Atomic Energy Commission and the U.S. 
Air Force, Air Research and Develop- 
ment Command. 


® Recent research on the physics and 
chemistry of mercury and its compounds 
and their industrial and medical uses 
will be the subject of a 2-day meeting 
of the New York Academy of Sciences 
6 and 7 
Hotel. 

A session on physics and chemistry, 
under the chairmanship of Frank C. 
Collins, professor of physical chemistry, 
Polytechnic Institute of Brooklyn, is 
scheduled from 9 a.m. to noon Friday, 
6 Apr.; a session on pharmacology and 
be held that afternoon 
from 2 to 5 p.m., with Carroll Handley, 
chairman of the department of pharma- 
cology, University College of 
Medicine, Houston, Texas, as chairman; 


Apr., at the Barbizon-Plaza 


toxicology will 


3aylor 


and a session on clinical medicine is 
scheduled for 9 a.M. to noon on 7 Apr., 
chaired by Harry Gold, professor of 
clinical pharmacology, Cornell Univer- 
sity College of Medicine, New York City. 


Reference Manual 


@The ninth session of the Statistical 
Commission of the United Nations, one 
of the eight functional commissions of 
the Economic and Social Council, is to 
be held at U.N. headquarters in New 
York 16 Apr.—4 May. Among the items 
on the agenda for this session are the fol- 
lowing: general survey of developments 
in international statistics; statistics of 
capital formation; classification of gov- 
ernment financial accounts; balance of 
payments statistics; external trade sta- 
tistics; minimum program of economic 
and and national ac- 


social statistics; 


counts. 


® Henry F. Holland, Assistant Secretary 
of State for Inter-American Affairs, was 
chairman of the United States delega- 
tion to the Inter-American Specialized 
Conference on Conservation of Natural 
Resources: The Continental Shelf and 
Marine Waters, which opened in Ciudad 
Trujillo, Dominican Republic, 
Mar. 

Other delegates were William C. Her- 
rington, special assistant for Fisheries 
and Wildlife, Department of State; 
Ralph L. Miller, chief of the Fuels Di- 
vision, U.S. Geological Survey; and Wil- 
liam Sanders, United States representa- 
tive on the Inter-American Council of 


on 15 


Jurists 

The meeting was called pursuant to a 
resolution of the tenth 
Conference at 


Inter-American 
Venezuela, in 
March 1954, for the purpose of studying 


Caracas, 


various juridical, economic, and scientific 
problems related to the continental shelf 
and ocean waters of the Western Hemi- 
sphere. 


® The Ergonomics Research Society will 
hold a symposium on “Human factors 
in road transport,” at the University of 
Bristol, 16-19 Apr. Inquiries about the 
program should be directed to H. Mur- 


Far more than just a 
catalog . . . contains useful 
descriptions of today’s most 
commonly used analytical 
systems ... Spectrochemistry, 
Nephelometry, Colorimetry, 
pH Measurement, 
Fluorimetry and Flame Photometry 
. . . plus complete descriptions of 


rell, The Miners’ Arms, Priddy, Wells, 


Somerset, England. 


®The 28th annual field meeting of the 
New York State Geological Association 
will be held at the University of Roch- 
ester, 4-6 May 1956. Field excursions 
will cover the stratigraphy, paleontology, 
geomorphology, and economic geology of 
Coleman Instrumentation Silurian-Devonian rocks and Pleistocene 
for these sciences. deposits. For further information, write 
y W. R. Evitt, department of geology, 
University of Rochester, Rochester 3, 
N.Y. or K. E. Lowe, Department of 
| Geology, The City College, New York 
| 3. 





Write now for your free copy. 


Coleman Tools for Science 


Forthcoming Events 


April 
28—5. International Conf. on Health 
Education, 3rd, Rome, Italy. (L. Viborel, 
International Union for Health Educa- 
tion of the Public, Paris, 1**, France.) 








Dept. S. Coleman Instruments, Inc., Maywood, Ill. 
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29-3. Semiconductor Symposium of 
Electrochemical Soc., 4th annual, San 
Francisco, Calif. (J. W. Faust, Jr., West- 
inghouse Research Laboratories, Beulah 
Rd., Pittsburgh 35, Pa.) 

29-3. Southwestern and Rocky Moun- 
tain Div., AAAS, annual, Las Cruces, 
N.M. (F. E. E. Germann, Dept. of Chem- 
istry, Univ. of Colorado, Boulder.) 

29-4. Soc. of American Bacteriologists, 
annual, Houston, Tex. (J. H. Bailey, Ster- 
ling-Winthrop Research Inst., Rensselaer, 
N.Y.) 

29-4. Soc. of Motion Picture and Tele- 
vision Engineers, 79th, New York, N.Y. 
(SMPTE, 55 W. 42 St., New York 36.) 

30-2. American Geophysical Union, an- 
nual, Washington, D.C. (W. E. Smith, 
AGU, 1530 P St., NW, Washington 5.) 

30-3. International Scientific Radio 
Union, spring meeting, Washington, D.C. 
(J. P. Hagen, 2101 Constitution Ave., 
NW, Washington 25.) 

30-3. International Symposium on 
Rheumatic Fever, Ist, Mexico City, 
Mexico. (SIBIC, Av. Cuauhtémoc 300, 
México 7, D. F.) 

30-4. American Meteorological Soc., 
Washington, D.C. (K. C. Spengler, 3 Joy 
St., Boston 8, Mass. ) 

30-4. American Psychiatric Assoc., an- 
nual, Chicago, Ill. (D. Blain, APA, 1785 
Massachusetts Ave., NW, Washington 6.) 


May 


1-3. Electronic Components Sympo- 
sium, 7th annual, Washington, D.C. (A. 
W. Rogers, U.S. Army Signal Corps, Fort 
Monmouth, N.J.) 

3-5. American Philosophical Assoc., 
Western Div., Bloomington, Ind. (W. H. 
Hay, Bascom Hall, Univ. of Wisconsin, 
Madison 6.) 

3-5. Illinois State Acad. of Science, an- 
nual, Springfield, Ill. (L. E. Bamber, 223 
Natural History, Univ. of Illinois, Ur- 
bana. ) 

3-5. Midwestern Psychological Assoc., 
annual, St. Louis, Mo. (D. W. Fiske, Dept. 
of Psychology, Univ. of Chicago, Chicago 
37, Ill.) 

3-5. Soc. for American Archaeology, 
annual, Lincoln, Nebr. (A. C. Spaulding, 
Museum of Anthropology, Univ. of Michi- 
gan, Ann Arbor.) 

4, American Assoc. of Spectrographers, 
7th annual, Chicago, Ill. (J. P. Merutka, 
H. M. Harper Co., 8200 Lehigh Ave., 
Morton Grove, IIl.) 

4. Annual Conf. for Engineers, Colum- 
bus, Ohio. (H. A. Bolz, College of Engi- 
neering, Ohio State Univ., Columbus 10.) 

4-5. Minnesota Acad. of Science, an- 
nual, Minneapolis. (B. O. Krogstad, Sci- 
ence and Mathematics Div., Univ. of Min- 
nesota, Duluth Branch. Duluth 5.) 


4-5. Wisconsin Acad. of Sciences, Arts, , 


and Letters, annual, Milwaukee. (R. J. 
Dicke, 3 King Hall, Univ. of Wisconsin, 
Madison 6.) 

4-6. Oklahoma Acad. of Science, 
Quartz Mountain State Park. (D. E. 
Howell, Entomology Dept., Oklahoma A. 
& M. College, Stillwater. ) 

6-9. American Inst. of Chemical En- 
gineers, New Orleans, La. (F. J. Van 
Antwerpen, AIChE, 25 W. 45 St., New 
York 36.) 
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7-8. New Orleans Acad. of Science, 
annual, New Orleans, La. (Father J. H. 
Mullahy, S.J., Dept. of Biological Sci- 
ences, Loyola Univ., New Orleans 18.) 

9. American Acad. of Arts and Sciences, 
annual, Cambridge, Mass. (R. W. Burhoe, 
28 Newbury St., Boston 16, Mass. ) 

9-12. Virginia Acad. of Science, annual, 
Richmond, Va. (F. F. Smith, Box 1420, 
Richmond 11.) 

10. Assoc. of Vitamin Chemists, Chi- 
cago, Ill. (M. Freed, Dawes Products, 
4800 S. Richmond, Chicago 32.) 

10-11. American Inst. of Chemists, an- 
nual, Boston, Mass. (L. Van Doren, AIC, 
60 E. 42 St., New York 17.) 

10-11. Atomic Energy Conf., San An- 
tonio, Tex. (E. Wiggin, Atomic Industrial 
Forum, Inc., 260 Madison Ave., New 
York 16.) 

10-11. Operations Research Soc. of 
America, 4th annual, Washington, D.C. 
(H. J. Miser, Rt. 2, Box 211, Vienna, Va.) 

10-12. National Science Fair, 7th an- 
nual, Oklahoma City, Okla. (J. H. Kraus, 


Science Clubs of Amcrica, 1719 N St., 
NW, Washington 6.) 

11-12. Indiana Acad. of Science, Mar- 
tinsville. (W. A. Daily, Eli Lilly Research 
Laboratories, Indianapolis 6, Ind.) 

14-15. Soc. of American Military En- 
gineers, 36th annual, Washington, D.C. 
(SAME, 808 Mills Bldg., Washington 6.) 

14-19. Assoc. of Official Seed Analysts, 
Sacramento, Calif. (R. G. Colborn, Seed 
Div., Dept. of Agriculture, Capitol Bldg., 
Lincoln, Nebr.) 

14-19. International Spectroscopical 
Colloquium, 6th, Amsterdam. (F. Freese, 
Laboratorium voor Analytische Chemie, 
125 Nieuwe Achtergracht, Amsterdam. ) 

15-16. Industrial Nuclear Technology 
Conf., Chicago, Ill. (INT Conf., Armour 
Research Foundation, 10 W. 35 St., Chi- 
cago 16.) 

16-18. American College of Cardiol- 
ogy, 5th annual, Chicago, Ill. (P. Reich- 
ert, Empire State Bldg., New York, N.Y.) 


(See issue of 16 March for comprehensive list) 
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CLASSIFIED: 18¢ per word, minimum 
charge $3.60. Use of Box Number 
counts as 10 additional words. 


COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday af every week) 


DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis—provided that satis- 
factory credit is established. 

Single insertion $22.00 per inch 
13 times in 1 year 21. per inch 
26 times in 1 ye 30. 00 per inch 
52 times in 1. year 19.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


















POSITIONS WANTED | 


I 


Anatomy, Ph.D., 32; family; desires teaching- 
research post in medical school, Research inter- 











ests in endocrinology and radiobiology. Box 70, 
SCIENCE 3/30 
Biochemist; B.S. (food re owt bacteriol- 


ogy) ; M.S. (aleetioey ); Ph.D. (biochemis- 
try); since 1946, codhaioal director of small 
pharm: aceutical company. Medical Bureau (Bur- 
neice Larson, Director), Palmolive Building, 
Chicago. x 





Botanist, Ph.D.; 28, 2%4 years’ teaching biology, 


microbiology, and plant physiology, Desires 
teaching-research position. Research interest: 
algal physiology. Box 77, SCIENCE. 

4/20; 5/11 





Immunochemist, Ph.D. Research and some 
teaching experience. Desires academic position, 





pet _ department of bacteriology. Box 
78, SCIENCE, x 
Microbiologist, M.S. Experienced in all phases 


of fermentation, screening, assay, control, cul- 
ture maintenance, research, development, and 
“trouble-shooting.” Box 76, SCIENCE. 





Zoologist-Physiologist, Ph.D. Five years’ 
teaching experience. Cellular and general physi- 
ology, endocrinology, genetics, and evolution. 
Desires ween and/or research position. Box 
75, SCIENCE. x 





Zoology, B.S. Desires 
training in microbiology or parasitology. 


79, SCIENCE, 


a position with some 
Box 
x 





Zoologist-Cytologist. Candidate for Ph.D. in 
June; interested in cytochemistry. Desires pos'- 
tion with research opportunities and reasonable 
teaching schedule. Box 62, SCIENCE. 3/30 





MMIII POSITIONS OPEN {iil 





BIOCHEMIST 


Applications are invited for a position as bio- 
chemist to study nutrition and metabolism of 
marine bacteria and various problems concerned 
with the biochemistry of fish. Knowledge of 
manometric and tracer techniques is desirable 

and a Ph.D. or its equivalent from a a 
university is required, Send details regarding 
training, publications, references, and salary re- 
quired to the Acting Director, Fisheries Re- 
search Board of Canada, pean. Station, 
Vancouver 2, B.C 3/23, 30; 4/6 





iil POStTIONS OPEN |i 


Ph.D. in Biochemistry, preferably with strong 
background in physiology, to serve as member of 
project team in evaluation of scientific data for 
research an! development division of — 
pharmaceutical firm. Liberal benefit pro 
Send complete résumé. Box 65, SCIEN 








Biologists. Two teaching fellowships available 
for 1956-1957 for male college graduates in 
small men’s New iy tard liberal arts college; 


$2500. Box 81, SCIE x 


CHEMICAL ENGINEER 


Applications are invited for a position as chemical 
engineer to initiate engineering research on prob- 
lems concerned with processing of fish and to 
assist in engineering work already in progress. 
Applicants should possess a master’s or bachelor’s 
degree in chemical engineering, and preferably 
possess some research experience. Send details 
regarding training, references, and salary re- 
quired to the Acting Director, Fisheries Research 
Board of Canada, Technological Station, Van- 

4 Cc, 3/23, 30; 4/6 


couver 2, B 


(a) Clinical Director; sician interested in 
clinical pharmacology, Bh. executive; should 
be able to contribute ideas for new products, aid 
in their development, plan medical research for 
new drugs, serve on company’s medical review 
board; East; $15,000. (b) Chief Biochemist 
affiliated university medical school; capable of 
initiating and coordinating research programs 
both on clinical and basic level; $7500-8900; 
South. (c) Chemist, Ph.D.; to direct chemistry 
section, research department, important indus- 
trial company; Pennsylvania. (d) Physician 
with research background in immunochemistry 
and, also, Ph.D. Trained in Biochemistry or 
Immunochemistry; medical school research de- 
partment; West. S3-5 Medical Bureau (Bur- 
neice Larson, Director), Palmolive ——, 
Chicago. ¢ 





DIRECTOR OF MEAT RESEARCH 


The Meat Industry Research Institute of New 
Zealand (Inc.) invites applications for the post 
of Director. The Institute is a newly formed 
body and it will be the responsibility of the 
successful applicant to establish a research or- 
ganization based on the recommendations speci- 
fied in a Report submitted to the Institute by 
Dr. M. A. MacDonald, M.S.A., .D. 


Intending applicants can, if they so desire, 
inspect a copy of this Report, on application to 
the Office of the High Commissioner for New 
Zealand, 105 Wurtemburg Street, Ottawa, Can- 
omni The Office of the Trade Commissioner for 

New Zealand, 609 Sun Life Building, Montreal, 
Canada; The Office of Trade Commissioner for 
New Zealand, 1145 Nineteenth Street, NW, 
Washington, D.C.; or the Office of the Consul 
General for New Zealand, 153 Kearney Street, 
San Francisco. 

Applicants should have a university degree in 
science or agriculture. Experience in meat re- 
search and a working knowledge of meat pack- 
ing plant procedures is desirable. 


The appointee will be required to advise on 
policy, supervise research staff, disseminate re- 
search findings, and cooperate with the meat 
industry and other research organizations. He 
will be directly responsible to the Institute 
executive. 

The commencing salary offered is between 
£2000 and £2400 per annum (N.Z. currency) 
according to qualifications and ability. Generous 
superannuation benefits on a contributory basis 
are available. Reasonable traveling expenses in- 
curred in taking up the appointment will be paid 
by the Institute. 

All applications, which will be treated in the 
strictest confidence, should be posted air mail 
before 30 April 4956 to Director of Meat Re- 
search, P.O. Box 345, Wellington, New —r 

4/6 











iil POSTTIONS OPEN |i 





Biochemist. B.S. 
research: ion 
man or woman. 


or M.S., to assist in enzyme 
exchange; ae a young 
Box 80, SCIENCE. . 





ELECTROENCEPHALOGRAPHY 


Specialization opportunity in electroencephalog- 
raphy for psychiatrist or neurologist. General 
hospital, 1067 beds; research facilities, electro- 
cortiography available. Faculty appointment, 
teaching. Affiliated Baylor University College of 
Medicine, Texas Medical Center. Dr. Lee D. 
Cady, Manager, VA Hospital, Houston, Texas. 

3/16, 23, 30 


Laboratory Technicians. B.S. degree and previ- 
ous hospital experience required. Modern 400- 
bed hospital accessible to recreational and educa- 
tional facilities. Forty-hour week, liberal bene- 
fits. Write giving age, experience, and salary to 
Personnel Manager, Jewish Hospital, Cincinnati, 
Ohio. 4/6 


Ph.D. in Microbiology to assist project team in 
evaluation of scientific data working closely with 
laboratory microbiologists. Eastern pharmaceuti- 
cal manufacturer, Liberal benefit program. Send 
complete résumé, Box 64, SCIENCE. 3/30 


Patent Administrator. Pharmaceutical manufac- 
turer requires M.S. in chemistry with minor in 
pharmacy or a biological science to assist head 
of patent section in general administration of 
patent program, Thorough acquaintance with 
chemical nomenclature and _ reactions, report 
writing, and analysis of data. Two or three years’ 
patent experience required. Excellent benefit 
program. Eastern varie Send complete 
résumé. Box 55, SCIENCE. 3/23, 30; 4/6 





Physical Chemist, General Experimental Physi- 
cist, and Operations Analyst for varied program 
of industrial and military research. Previous 
research experience desirable. Salaries open. 
Reply with biographical sketch to Box 1093, 
Burlingame, California 4/6, 13, 20 





Ph.D. in Physiology or Pharmacology for project 
team work as member of a science information 
group evaluating experimental and ,clinical data. 


Eastern pharmaceutical manufacturer. Liberal 
benefit program. Send complete data. Box 61, 
SCIENCE, 3/30 








Writer. Medical or biological background, Ex- 
perienced. Contact Executive Editor, Medical 
Arts Publishing Foundation, 1603 Oakdale 
Street, Houston 4, Texas. 3/30 
MAA GAs 





Graduate Assistantships in Teaching and Re- 
search available for September, 1956. Load 12 
or 6 hours per week. emainder of time a 
able for graduate work leading to Master’s 
degree. Stipends range from $550 to $2000. 


Teaching Fellowships for Advanced Graduate 

Students. Load 15 hours. Stipend, $1800. 
Contact Chemistry Department, Howard Uni- 

versity, Washington i, D . 3/30 
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—The MARKET PLACE 


EQUIPMENT 








DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis—provided that satis- 
factory credit is established. 


$22.00 per inch 
21.00 per inch 
20.00 per inch 
19.00 per inch 
For PROOFS on display ads, copy must 


reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Single insertion 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 











| BOOKS Al AND MAGAZINES | HHH 








WANTED TO 
PURCHASE... 


SCIENTIFIC 


PERIODICALS 
and BOOKS 


Sets and runs, foreign 
Entire 
libraries and smaller 
collections wanted. 


and domestic. 


WALTER J. JOHNSON, INC. 
125 E. 23rd St., New York 10, N. Y. 








SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 

—— Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service; N. Y. 3, N. Y. 





Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
riodical files you are willing to sell at hi 4 mar- 
fet prices. Write Dept. A3S, J. S. CANN Inc. 
Boston 19, tee nd 








||| PROFESSIONAL SERVICES | 












LaWall & Harrisson 


Div. S, 1821 Walnut St, Philadelphia 3, Pa. 


BACTERIOLOGICAL 
CHEMICAL 


Pharmacologica 





LABORATORY SERVICES 


Project research and consultation 
in Bio-chemistry, Chemistry, 
Bacteriology and Entomology 


Mineral determinations including 


sodium and fluorine © Proximate 

analyses ® Vitamin and amino acid 

assays © Food chemistry and micro- 

biology © Enzyme investigations 
Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 
P. O. BOX 2217-y MADISON 1, WIS, 


30 MARCH 1956 
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\\\| SUPPLIES AND EQUIPMENT ||| 





BOOK MANUSCRIPTS INVITED 


Write for Free Booklet SC telling how we can publish 
your book. All subjects considered. New authors welcome 
VANTAGE PRESS, Inc. + 120 W. 31 St., N. 

In Calif.: 6253 Hollywood Blod., Hollywood %' 





iM | | SUPPLIES 4 AND EQUIPMENT Hl 


HOLTZMAN RAT CO. | 


Proven excellent in 
cancer research 
Rt. 4, Box 205 Madison 4, Wisc. 
Phone Alpine 6-5573 















YOUR MOST COMPLETE SOURCE FOR 


C" S* P* 


LABELED COMPOUNDS 





Radiopurity 
unconditionally guaranteed. 


Write For Price List AA 








5412 North Clark Street + Chicago 40, IMinois 


YOU can TELL and SELL 
more than 33,500 scientists 
here . . . at a very low cost. 


Your sales message in an ad this size costs only 
$55.00 at the one-time rate—less for multiple in 
sertions. And the results!—well, here's what one of 


the many satisfied advertisers in SCIENCE has to 
ses 


“SCIENCE is consistently our most 

medium. Business secured solely thre SCIENCE 
ads has been the backbone of our success in this 
field.”” 

“We carry a considerable amount of advertising 
in various periodicals, but none is so productive 
of results as SCIENCE.” 


Prove to yourself the effectiveness of SCIENCE in 
increasing your Market, Sales and PROFITS—send 
your “‘Copy’’ NOW—or write for further information 
and Rate Card No. 29 
SCIENCE 1515 Mass Ave., N.W.., 
Washington 5, D.c. 











CONSISTENT RATS & MICE 


BUDD MT. RODENT FARM 
CHESTER, N. J. 


Breeders of a recognized strain 


of Wistar rats and W.S. mice 














Ibi * “tren the hand of 
t 
albino rats to research” 
Hypophysectomized 
Rats 
*Descendants of the 


Sprague-Dawley and 
istar Stravas 


e 
HENRY L. FOSTER, D.V.M. 
President and Director 


THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 

















STAINS—GURR’S—INDICATORS 
FREE PRICE LIST 
ESBE LABORATORY SUPPLIES 
459 Bloor St., W. Toronto, Canada 











ALBINO RATS 


Our mass production methods insure 
greatest uniformity and consistency 


Price list on request 


DAN ROLFSMEYER CO. @ Ph. 6-6149 
Route 3, Syene Road, Madison, Wisconsin 








SEND FOR DETAILS 
ON THE NEW, 
ULTRA-COMPACT 


ME-LARDY WARBURG 


714 madkaer Place APPARATUS 
3 


MADISON 





poco 


SWISS MICE: 





i 
! 
TACONIC |} 
FARMS | 
1 ® GERMANTOWN WHEW YORK | 
ee. i 





27 APRIL 


SPRING BOOK ISSUE 


Send your copy in, now! 
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..- “when lime ts of the essence ="" 


You can always depend upon 


Nutritional Biochemicals Corporation 





when your needs for Research 


Biochemicals demand speedy delivery. 





e AMINO ACIDS 
Model “‘K” Model “‘L” | 








e “VITAMIN FREE” CASEIN 
For sectioning of unde- Immersion microtome for } HYDROLYSATE 
calcified bone, plastics, Hey a foe 
and other extremely hard brain and lung sections. e NUCLEOPROTEINS 
materials. PURINES, PYRIMIDINES 
e “VITAMIN FREE” CASEIN 
Model “Tetrander” Microtome Knives TSCELLANEOUS 
For large specimens in Finest surgical steel, of a neon OEE ait 
paraffin or celloidin em- all profiles, for every ap- BIOCHEMICALS 
beddings. plication. 








Write or phone today for further details 






WILLIAM J. HACKER & CO., INC. 
82 BEAVER STREET, NEW YORK 5, N.Y. 


Telephone BOwling Green 9-8750 


NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 


Write For 
New Catalog 
February 1956 


U.S. Representative for 
TUNG, famous for pre- 
cision microtomes and 
knives since 1872. 


21010 Miles Avenue @ Cleveland 28, Ohio 


Over 1500 Items 
Write Dept. 102 


























"THE LUMINESCENCE OF BIOLOGICAL SYSTEMS 








A Symposium Volume of the American Association for the Advancement of Science 
Edited by Frank H. Johnson, Princeton University 


6 x 9 inches, 466 pages, 161 illustrations; author, genera and species, 
and subject indexes; bibliographies, clothbound 


Retail price $7.00 AAAS Members’ prepaid order price $6.00 


This volume includes papers presented by some thirty leading investigators at a conference on 
Luminescence in April 1954. Fundamental aspects of “cold light”— bioluminescence, fluorescence, phos- 
phorescence, and chemiluminescence—are considered in detail. The latest advances reported here em- 
phasize the general significance of researches in this field and point to problems that are a challenge 
for future work. The range of material critically examined extends from the purely physical through 
the biochemical and physical chemical to the purely physiological and ecological. In addition to chemi- 
cally defined systems in solution, a wide range of organisms are considered, including green plants, bac- 
teria, fungi. Cypridina, fireflies, Gonyaulaz and other dinoflagellates, and various higher animals. An 
important feature is a comprehensive survey and discussion of luminous organisms of Japan and the 
Far East. 


AAAS PUBLICATIONS 
1025 Connecticut Avenue, NW, Washington 6, D.C. 
English Agents: Bailey Bros. & Swinfen, Ltd., 46, St. Giles High Street, London, W.C.2 
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recommended by the leading medical schools, 
hospitals and laboratories 


29h STUDENT microscores 


DEPENDABLE-—Scientifically engineered and manufactured by the world’s 
foremost microscope manufacturer, Leitz STUDENT Microscopes with preci- 
sion optics are built for a lifetime. 


VERSATILE —Leitz STUDENT Microscopes of standard dimensions are suitable 
not only for the medical student but are recommended as well for later 
use in office practice, hospital and clinical laboratories. 





Labolux A new concept in microscope design combining coarse 
and fine focusing adjustments in a single control, resulting in utmost 
simplicity and convenience. Low-position controls for fatigue-free 
operation. Stage, not tube, moves for focusing. May be used facing 
the observer for greater accessibility to all controls. 


Labolux S 47/92-15 Built-in mechanical stage; Abbe condenser; quadruple nosepiece 
with achromats 3.5x, 10x, 45x, 100x oil—the two high-powered objectives have 
spring-loaded mounts; paired 6x and 10x eyepieces; including professional carrying 
case: $579.50 





Monocular-Binocular Model “B” A convertible microscope of classic 
design with ball-bearing fine adjustment, trouble-free operation, 
triple or quadruple nosepiece with magnification range from 21 
to 1000 times. Unique dove-tail slide permits quick interchange 
of tubes. 





BS 25a/92-10a Inclined Binocular; built-on mechanical stage; Abbe condenser; 
triple nosepiece with achromats 10x, 45x, 100x oil; paired 6x and 10x eyepieces; 
including professional carrying case: $527.00 
Monocular Microscope Model “G” A first-class precision instru- 
ment with full-size laboratory stand, large diameter monocular 
tube. Full range of plain and mechanical stages available, as well 
as triple or quadruple nosepiece. 


GO 47/92-10 Monocular; mechanical stage; Abbe condenser; triple nosepiece with 
achromats 10x, 45x, 100x oil; 6x and 10x eyepieces; including professional carrying 
case: $331.00 





E. LEITZ, INGC., Dept. SC-3, 468 Fourth Ave., New York 16, N. Y. 


Please send me the STUDENT Microscope brochure. 








City Zone State 





re3— ee eee 4 
z 
Q 
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E. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the worid-famous products of 
Ernst Leitz G.m.b.H., Wetz’ar Germany - Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES - MICROSCOPES : BINOCULARS 





up...down 


Ver quickly... 


smoothly 


Prepare your precision set-ups the simple, easy way 


with LAB-jJACK: 


This all-purpose general utility support is 
quickly adjustable through an elevation range of 
7 inches and will support up to 100 lbs. weight. It 
operates smoothly without jolts or jerks . . . saves 
tire . . . prevents breakage . . . insures precision 
. . . particularly useful in isotope research. Ideal 
for supporting hot plates, oil baths, large Dewar 
flasks, ground joint glassware, receivers, etc. 


CENTRAL SCIENTIFIC COMPANY 


1718-M IRVING PARK ROAD © CHICAGO 13, ILLINOIS 


BRANCHES AND OFFICES—CHICAGO « NEWARK «* BOSTON * WASHINGTON « DETROIT « SAN 
FRANCISCO « SANTA CLARA « LOS ANGELES © REFINERY SUPPLY COMPANY—TULSA * HOUSTON 


The Cenco-Lerner Lab-Jack is made of alu- 
minum and stainless steel with large plastic con- 
trol knob. Top plate, 514” x 434”. Included also is 
an 8” x 8” auxiliary top plate and support rod for 
use when larger area is required. 


No. 19089 Lab-Jack complete 
Ask for circular No. 1213 


.. $35.00 


Cenco 











The most complete line of 
scientific instruments and lab- 
oratory supplies in the world 


CENTRAL SCIENTIFIC CO, OF CANADA, LTD.—TORONTO * MONTREAL « VANCOUVER « OTTAWA 








